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Sensors Aloft 


Teaching Machines: B. F. Skinner 

‘ie Baecotiueposcope: i. i, Pattee, Pre 2 a's Bod Lud. SORT tenes ties ae 
Echo Ranging in the Porpoise: W. N. Kellogg 

Dosimetry of Radioisotopes: A. J: Bertinchamps and G. C. Cotzias 

Taxonomic Codification of Biological Entities: H. A. Denmark, 


H. V. Weems, Jr., C. Taylor 


Antarctic Research Program at U.S. Stations Resumes after Polar Winter; 
other events 


C. Singer et al., Eds., A History of Technology, reviewed by W. D. Stahlman; 
other reviews 
Some Principles of Self-Contained Underwater Breathing Apparatus: R. S$. Mackay 1001 


Preservation of Whole Blood in Frozen State for Transfusion: 


M. M. Strumia, L. C. Colwell, P. V. Strumia 


Ionium-Thorium Chronology in Deep-Sea Sediments of the Pacific: 
Me Ee CUOLNCCTIE SIME Es IC OIUE, ck elec sc hs 6 as 24 sue aed se tions ad cuceee oe 


Radio Control of Ventricular Contraction in Experimental Heart Block: 


M. Verzeano, R. C. Webb, Jr., M. Kelly 


Method of Polarographic in vivo Continuous Recording of Blood Oxygen Tension: 
eremratieet: Gil .C,. GrctINOSHON EM css caress 3'e ose bind ote ehaeieaes tale aoe 


Quantitative Technique for Analysis of Radiation-Induced Tumorization in Fern 
Prothalli: C. R. Partanen 


An Olfactometer for the Rat: C. Pfaffmann, W. R. Goff, J]. K. Bare 
Chromatography of Molten Salts on a Glass Powder Column: M. M. Benarie .... 


Nonpolar Transport of Gibberellin through Pea Stem and a Method for Its 
Determination: ]. Kato 
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SELF CONTAINED... 
thermoregulator, 
heating unit, 
stirrer and 
circulating pump 
in one unit 


TECHNE 
“TEMPUNIT”’ 











CONSTANT TEMPERATURE CONTROLLER 


...for maintaining temperature constant to +0.05°C in a 12 x 12-inch bath 


A self-contained unit incorporating all 
components required for maintaining open 
water baths at temperatures up to approxi- 
mately 90° C, and for circulating water to 
external apparatus at a rate of 114 quarts 
per minute at 11% ft. head. 

The unique indicating thermoregulator sys- 
tem, with pneumatically actuated switch for 
control of heater, has the sensitivity of 
electrical contact methods but with greater 
dependability and longer life. Can be preset to 
any desired temperature room temperature to 
approx. 90°C. Maintains temperature constant 
within +0.05°C in a 4-gallon cylindrical glass 
vessel, 12 X 12 inches, without insulation. 

Control housing, 634 inches wide XK 4% 
inches deep X 514 inches high, contains stir- 
ring motor, thermoregulator with temperature 
indicator dial graduated from 15 to 95°C and 
pilot lamp, and has built-on clamp for attach- 
ment to vessels with wall thickness up to 
114 inches. 

The helical, bimetallic sensing element, 
stirrer, aspirator tube and 1000-watt tubular 
immersion heater are integrally attached be- 
neath the housing. Heater is wound in a coil 
which encircles the six-blade propeller of 
stirrer and tip of aspirator tube. 

Stirring motor, 1/20 h.p., is fan cooled, 
induction type, with self-lubricating bearings, 
suitable for continuous use. Immersed parts, 








A.H.T.CO. 
[LABORATORY APPARATUS 


ARTHUR H. 





with exception of bimetallic helix, are nickel 
plated. Housing is finished with glossy, green 
hammered effect. 

Overall dimensions 634 inches wide X 7 
inches deep X 11% inches high. When 
mounted, the unit projects 414 inches beyond 
inner edge of bath and extends 55 inches 
below rim. For proper operation, bath must 
be filled to within 2 inches of rim. Tubulation 
for connection of pump to external apparatus 
is 34-inch outside diameter. 


Method of Use. In use it is necessary only to 
set the control pointer at desired temperature on 
dial. A second pointer, driven by the bimetallic 
helix, continuously indicates the bath temperature. 
Suction produced by stirring action at tip of aspira- 
tor tube, contracts a plastic bellows, closing a 
switch which turns on the heater. Expansion of 
helix rotates the indicating pointer until it reaches 
selected temperature on dial, at which point a 
valve is opened, inflating the bellows and shutting 
off the heater. Heater is also automatically shut 
off if stirrer or aspirator pump is not operating 
properly, or if water level of bath should fall 
below aspirator tube. 





9935. Constant Temperature Bath Con- 
troller, Techne ‘Tempunit” (Patented), as 
above described, complete with 4-ft., 3-wire con- 
necting cord with 2-prong, parallel blade attach- 
ment plug cap, and directions for use. Power con- 
sumption 1040 watts. For use on 115 voits, 50 or 
60 cycles, a.c. Without bath 135.00 











More and more laboratories rely on oa 4 


THOMAS COMPANY 


Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5S, PA. 



















ULTRAC 


p Cabafugul Fie 7 


You'll Separate 
More Materials Faster 
with an 





GENERAL PURPOSE FIXED-ANGLE ROTORS 


Large capacity for initial processing 
of biological materials. 940 ml in 
10 tubes; 51,000 x G max. 


Combines high force and high 
capacity for isolating viruses, 
microsomes. 462 ml in 12 tubes; 
105,000 x G max. 


Extremely high force allows 
separation of proteins, small viruses. «e , 
162 ml in 12 tubes; 144,000xGmax.  { . 


Shallow tube angle (40°) results in 
minimum stirring at end of run. 
143,000 x G max. 


Steep tube angle (20°) for 
maximum sedimenting efficiency. 
142,000 x G. 


SWINGING BUCKET ROTORS (2) 


Ideal for zone centrifugation 
employing density gradients, and 
other special studies. 

Forces to 173,000 x G. 


BATCH ROTOR 


Capacity to 1600 ml, 35,000 x &. 


$-57 
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SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 








Rotor is quickly set in place 
without tools or connections; 
no critical balancing required. 


With speeds ranging from 400 to 40,000 rpm, the Beckman/Spinco 
Model L Ultracentrifuge can fulfill both your routine and 
advanced preparative needs. Here are a few of the advantages of 
this unusually flexible instrument: 


High force when you need it—At top speeds, 144,000 Gs are 
developed with standard rotors (others to 173,000). These 
forces are more than sufficient to separate proteins and other 
materials which are well beyond the capabilities of instruments 
generating less force. 

High force to cut operating time-Many routine separations 
can be accomplished faster at higher forces, reducing operating 
time as much as 80 percent. 

Equal effectiveness at lower force-—Large-volume rotors 
handle separations requiring only nominal speeds. Turn of a knob 
varies speed to any desired rpm. 

Ultra-simplicity of operation-Less than 30 seconds 
required for start-up; subsequent operation fully automatic, 
operator’s presence not needed. 

Economical, maintenance-free operation—The Model L is a 
heavy-duty, precision instrument which can be run at high speeds 
for hundreds of hours without attention. 


We'd like to send you an APPLICATION CHART which 
gives helpful data on a variety of materials run by Model L users. 
References are included. 


For the chart and a new 12-page brochure on the Model L, 
please write to Spinco Division, Beckman Instruments, Inc., 
Stanford Industrial Park, Palo Alto, California. Ask for file L-5J. 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


927 
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e a Tri 
ew ZeC1ISS oto-Microscope | « 
Up 
WITH BUILT-IN AUTOMATIC CAMERA a 
7 
ual 
mo 
In using this unique instrument, you can concentrate fully on the oor 
subject being studied and photographed, because the taking of the ity 
picture is practically automatic. 
As soon as the specimen is focused in the eyepiece you merely press J 
na es aes Extremely Versatile 
a button. This results in: (1) Opening of the shutter. (2) Automatic 
setting of exposure time by electronic control. (3) Closing of the shut- The Zeiss Photo-Microscope can be 
; ; : . used for as many purposes as any large 
ter after exposure. (4) Transporting of the film for the next picture. Papas tN _ 


universal research microscope. It is 


(5) Advance of picture counter. (6) Recocking of shutter. A spring suited for microscopy and photo-microg- 


mechanism which is wound up before inserting the film, takes care of raphy with transmitted light and epi- 
shutter operation and the film transport. Uses a standard load of 35mm illumination as well as for work with 


polarized light. Usual methods of exami- 
nation such as bright field, dark fielJ 


and phase contrast may be used. 


film—color or black-and-white. 





Built to Zeiss standards, this new Photo-Microscope has met with . 
full approval wherever it has been put to a practical test. You can rely 


on it for superb performance. 


Write for booklet 











GUARANTEED 


GAL ZEISS, an REPAIR SERVICE 










485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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Tri-Carb* Liquid 
Scintillation Spectrometers 


Tri-Carb Spectrometers are designed for counting 
tritium, carbon-14 and other beta-emitting isotopes. 
Up to 100 5-dram sample vials can be counted at each 
loading. 

Tri-Carb Spectrometers are also available with man- 
ual sample chambers. Both automatic and manual 
models offer all the advantages of liquid scintillation 
counting—sensitivity, versatility, operational simplic- 
ity and ease of sample preparation. 


RADIOACTIVITY 
DETECTION 
INSTRUMENTS 









Auto-Gamma* 
Sample Changers 


Auto-Gamma Sample Changers are designed for use 
with standard well-type scintillation detectors. Up 
to 100 test tubes (16 mm x 150 mm) can be counted 
at each loading. 

Auto-Gamma Sample Changers are available for 
many different systems. They can be provided as com- 
plete units with either large or small sodium iodide 
crystals. They can also be used with scintillation 
spectrometers and simple scaler systems. 


Automatic Tri-Carb Spectrometers and Auto-Gamma Sample Changers can be operated 24 hours per day, seven 
days per week. Operation is on the basis of both preset time and preset count. Counting is stopped by whichever 
is reached first. Sample number, time interval and scaler readings are permanently recorded on paper tape. 
Scaler and readout circuits, similar in both instruments, are completely transistorized for utmost reliability. 


REQUEST LATEST BULLETINS 








* Trademarks 


WINDOWLESS and FLO-WINDOW* COUNTERS 


... for geiger and proportional operation 


p> Windowless Flow Counters provide maximum sensitivity and essentially 
unlimited life. Full 277 geometry is achieved. 
Flo-Window Counters feature thin plastic windows for minimum 
absorption. Counting chambers are isolated from the samples so that 
static charge, vapor effect, contamination, etc. are eliminated. 


Completely Transistorized Proportional Counting Amiplifiers 


These non-overloading amplifiers are designed for use with p:cvortional 
counters. They provide a gain of 1100 and are small enough i» be con- 
veniently located with the detectors, thus eliminating preampilitiers. 


ackard Instrument Company, 
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PROGRESS REPORT FROM AVCO RESEARCH LABORATORY 


NEW LIGHT ON MHD 


The Avco Research Laboratory was 
founded a little more than three years 
ago for the purpose of examining high- 
temperature gas problems associated with 
ICBM re-entry. The success of this 
research led to the birth of a new cor- 
porate enterprise, Avco’s Research and 
Advanced Development Division. 


The Research Laboratory, now estab- 
lished as a separate Avco division, has 
expanded to embrace all aspects of physi- 
cal gas dynamics. We are currently gravid 
with several embryonic projects which we 
anticipate will likewise grow into new 
corporate enterprises. Our work in the 
physics, aerodynamics and chemistry of 
high-temperature gases is growing in the 
following areas: 





NO MAGNETIC FIELD. This shock tube photograph, taken by 
emitted light only, shows the typical shock wave configuration 
formed by high-velocity gas flowing around a pointed cone. Magnetohydrodynamics— 


Flight and industrial power- 
generation applications 


Space flight— 
Manned satellites 
Electromagnetic propulsion 


These developments have created a num- 
ber of openings for physicists, aerody- 
namicists and physical chemists. If your 
background qualifies you to work in any 
of these areas, we would be pleased to 
hear from you. 


gtr Keatinot- 


Dr. Arthur Kantrowitz, Director 
Avco Research Laboratory 





WITH MAGNETIC FIELD. Here is shown the magnetohydrodynamic 
displacement of the shock wave. The magnetic field is caused P, §, A listing of laboratory research re- 
by electric current flowing through a coil of wire within the cone. . ports indicative of the scope and depth 
This experiment qualitatively demonstrates the interaction of of our activities is available. Address 
a high-temperature gas with a magnetic field. This effect would your request: Attention: Librarian, Avco 
be expected to produce drag and reduce heat transfer to the body. Research Laboratory, 2385 Revere Beach 


Parkway, Everett, Massachusetts. 
A id co [ *Magnetohydrodynamics, the study of the dynam- 
ies of electrically conducting fluids interacting 
/, RESEARCH with magnetic fields. 
LABORATORY 


A Division of Avco Manufacturing Corporation/Everett, Mass. 































Other divisions and subsidiaries are: WwW 
AK Division Ezee Fiow Division New idea Division Crosley Broadcasting Corporation 
Crosley Division Lycoming Division Moffats Limited Research and Advanced Development Division 17 
930 
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A Standard made Castlizer? 


was 
high. A Custom made Castlizer? 
with Or can your present equipment be 
this used more efficiently? 
cor- It is not the type of equipment that 
and is important. The important consider- 
ation is the overall sterilization proc- 
wail ess that best fits your needs. 
, has To help you select the right type of 
hysi- equipment for your sterilization pro- 
ravid gram, Castle engineers will recommend 
+h we the proper steam, dry heat, or gas Castl- 
new izer Pilot Plant for your research lab. 
1 the Then determine for yourself the most 
ry of efficient sterilizing method. 
n the Castle Engineered Sterilization is 
programmed to help you in all your 
ASTLE sterilization problems. You will profit 
by the 75 years of Castle research and 
experience in the application of all 
or known media of sterilization. 


‘| Stes 


rody- 

your 
1 any 
ed to 


Send for this FREE Brochure 
Shows how CES helps 
solve your sterilization 
problems. Presents 
latest developments in 
dry heat, steam and 
GAS. 


ch re- 
depth 
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Aveo 
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WILMOT CASTLE COMPANY 


1713 E- HENRIETTA ROAD*ROCHESTER 18, NEW YORK 
24 OCTOBER 1958 
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Low-cost table model generator 


designed for all types of film work 
including stress analysis. 


RCA EQUIPMENTS 
Stress Cameras, Cylindrical Cam- 
eras, Flat Cameras, Microradiog- 
raphy Camera, Microradiography 
Cameras for use with fluorescent 
x-radiation. 


® Guinier Camera and Curved Crystal 


9 


Monochromator. 


Microfluorescence Analysis Attach- 
ment for X-ray Spectrometer. 


Rotating Crystal Layer Line Attach- 
ment, 


* Pole Figure Goniometer. 


e Vacuum Fluorescence Spectrometer. 











Console Model shown with Electronic Circuit Peak Scions. Guinier Cédiole with Monochromator 
and Cylindrical Camera. 


World’s most complete range of 
equipment for X-ray diffraction 
and spectroscopy 


RCA’s precision engineered, unusually compact instruments for studies by 
X-ray diffraction and X-ray spectroscopy incorporate the most advanced 
operating and safety features. Outstanding for their technical excellence and 


performance characteristics, they provide the most versatile range of instru- 
ments available anywhere. 


The console model is a self-contained generator with convenient operating 
controls and filtered DC power supply. The easy-access Electronic Circuit 
Panel includes a full complement of equipment—automatic recorder, rate 
meter, counters, scalers, timer. 


The table model generator is a compact unit offered at an unusually low price. It 
is an ideal instrument for those interested in establishing a basic facility for 
X-ray diffraction and for larger laboratories where it can be used to lighten 
the load on more elaborate equipment. Can be operated with up to four 
individually timed cameras simultaneously. Portable, it also serves as a con- 


venient and efficient generator for stress analysis of large objects remote 
from the laboratory. 


Nation-wide installation, supervision and contract services available through 
eleven regional offices of RCA Service Company. 


To find out more about this advanced new equipment available only , from RCA 
write: Radio Con poration of Ame a, Dept. L-273, Building 15-1, Camden, N.J. 


RADIO CORPORATION of AMERICA 


Tmk(s) ® 
932 


CAMDEN, N. J. 
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CENTRIFUGES AND 
L A Pad Gs © AT te) i Y Servall SS-3 Pushbutton 
INSTRUMENTS to 17,000 tpen 34400 x6 

Known throughout the world 


for accuracy and reliability 




























Servall Type SP x 
Medium Centrifuge 
5,000 rpm—3,440 x G 














The Servall SS-1 Superspeed Centrifuge* with the conventional 
batch-type rotor may be adapted for the Servall “Szent-Gyorgyi & 
Blum” Continuous Flow System*. This System allows collection of 
small amounts of precipitate from large volumes of sample, continu- 





Servall Superspeed 
ously, in 8, 4, or 2 tubes, or even 1 tube, at flow rates of up to 400 rear teas Conti 
‘ml per minute. This is only one of the many laboratory centrifuge 16,000 rpm—32,700 x G 


requirements pioneered and perfected by Servall. 


WRITE FOR FULLY ILLUSTRATED GENERAL CATALOG AND PRICE LISTS: 
BULLETIN sc-10c 





Other Servall Instruments: Enclosed Superspeed Centrifuges; Hori- 
zontal*, Virus, Angle Rotors; Pipettes; High-Speed Homogenizers; 
Tubes and Accessories. 





An independent company: not connected with any other centrifuge manufacturer 
(Established 1934) 















$ The world’s largest | 
tf ss s Servall “Porter-Blum” 
wan Sorwall, Inc: EExats ten / ne 


speed Centrifuges “ 
NORWALK + CONNECTICUT oe — 1/40 to 1/2 Micron 








*Patented: U.S. & Foreign 
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Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel assem- 
bly, amplifier and power supply chassis, and chart and pen 
drive chassis unit. 

Automatic null balancing potentiometric system with 
standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury cells. 
Use of the latter obviates need for standardization over very 
long periods. 


Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
defiection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
_ Vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 
True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 
Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 
Chart Drive: Forward drive recording, reverse drive re- 





THE SARGENT 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


® MULTI-RANGE—40 ranges. 


® MULTI-SPEED—9 standard chart speeds with 
provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 
measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4, %, 1, 112, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. 

Synchronous switching outlet for - automatic synchro- 
nization of external devices with recording. 


Pen Speed: 1 second full scale. Other speeds can be 
provided on special order with change of motors. 


Bridge: Special Sargent specification. Provision for coupled 
transmitting potentiometer for output to integrating cir- 
cuits, etc. 


Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 2114 inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargent Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; one S-72176 wet ink pen, input 
cable assembly; synchronous switch cable assembly; plastic 
dust cover; spare ring for take-up mechanism; spare pen 
drive cable assembly; and fuses. For operation from 115 
volt, A.C, single phase, 60 cycle circuits.........$1725.00 





SAI 2 CS E Ni " SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES © CHEMICALS 





E.H. SARGENT & COMPANY, 4647 W. FOSTER, CHICAGO 360, ILLINOIS 


DETROIT 4, MICH. « DALLAS 35, TEXAS « BIRMINGHAM 4, ALA. « SPRINGFIELD, N. J. 
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Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown. 













Z-t-a-SE ON Silla Vv IV 


eaten 


IN SCHOOL AND COLLEGE LABO- 
RATORIES J-M Colorlith offers proof of 
its practicality and attractive appearance. 


New personality for hard-working labs 


JM Colorhth 





handsome, tough, colorful 


Here’s the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 
material—Colorlith—and it’s ready to help 
you bring new color and design into the 
school and industrial laboratory. 

Made of asbestos and cement—Colorlith 
offers all these important advantages: COLOR 
—makes any lab a showplace. WORKABILITY 
—offers new design freedom. (Large 4’ x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—resists years of 
strenuous service—can be used in thicknesses 


as low as 14” for resurfacing and fume hocds. 
HEAT RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 

For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-M representative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


JOHNS-MANVILLE Jf} 





















































A.1. A. File No. 35-E-1-2 
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IN INDUSTRIAL LABORATORIES Colorlith 
provides inviting working conditions for many of 
the top names in American business. 
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Beckman GC-2 Gas 


A 


analysis by infrared. 


IR-5 Spectrum 
of Benzaldehyde 


9 
WAVELENGTH IN MICRONS 


What’s missing in this Infrared Spectrum of Benzaldehyde? Benzoic acid impurities, of course! 
Pure benzaldehyde has always been difficult to prepare and even more difficult to analyze before it 
decomposes. But now, this problem can be solved by combining a GC-2 Gas Chromatograph and an IR-5 
Infrared Spectrophotometer into one analytical system. The GC-2, with Fraction Collector, isolates the 
pure fraction which is then transferred to an IR-5 microcell for analysis. In just sixteen minutes the IR-5 
produces this complete 2-16 micron spectrum of benzaldehyde. % These Beckman instruments allow 
complete separation and positive identification of samples as small as 0.0002 cc...both quantitative and 
qualitative analyses of organic mixtures...with speed and accuracy.To learn more about the high-temper- 
ature GC-2 and double-beam IR-5, write for Data File L-52-38. Beckman: 


Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, Fullerton, 


It’s a Fact: Beckman portable oxygen analyzers used with hospital incubators help prevent Retrolental Fibroplasia, a 
disease of premature infants which is caused by excess oxygen and can lead to partial or complete blindness. 








Wile Fiuity- 


=) *FOR EVERY NEED. 








Typical Laboratory Still: 


—-| American Sterilizer Electric heated. to 
10 gallons per hour 
WATER STILLS 


capacity. 





2 to SOO gallons per hour 
* V2 to 500 gallons per hour Evaporator capacity 
range. 


* Steam, Electric or Gas heated installations ... 


Kerosene or Gasoline heated Portable Units. 
Fully automatic or manual controls. 
Single, Double and Triple distilling systems. 


Storage Tank capacities from 5 to 1000 gallons. 


% &£ & & 


All internal parts heavily coated with pure 
block tin. Stainless steel, Aluminum or special 


alloys also available. 



































HME Thousands of Amsco Water Stills in labora- 
tories, industrial or processing plants and hospi- 
tals throughout the world are producing distilled 
CN water of the very highest purity . . . economi- 
— cally, dependably _ enly. Typical Industrial Unit: Mass production 

Whether the distillate quantity is small or steam heated Still with automatic con- 
large .. . for exacting laboratory experiments, trols. 50 to 500 gallons per hour capacity. 
or for mass processing . . . the purity of water is 
Fi the same, exceeding the standard set up by the 
United States Pharmacopeia. 

Whatever your water conditions or distillate 
requirements there is an Amsco distilling system Sto 1000 eeltitiie pee auwe ; <. wll 
: especially adapted to your needs. Write. for F i eS SF 
detailed information . . . Bulletin IC-601. cation or antog. resin i singte ed 


or dual bed arrangement. 
AMERICAN 


STERILIZER 


ERIE* PENNSYLVANIA : 
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Deionizers ... 








INDUSTRIAL and SCIENTIFIC DIVISION 
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Automatic DILATOMETER* for HI and LO Tempera- 


tures from —100 to +1800°C 10 


Electronic Recording Micro Balances* 11 


Vacuum Balances* 
12 


1800°C Rhodium Furnaces (No Protective Atmosphere 
Required) 


13 
Large Hi-Vacuum Drying Ovens to 220°C 


All-Quartz single unit Bi-Distiller for pyrogen-free, 14 
double-distilled water of better than 1 million ohm x 

-cm specific resistance (conductivity 0.5 to 0.9 x 10° 
reciprocal ohm). 


i 
Automatic Sedimentation Recorder for Particle Size 
Distribution 
16 
Photo-Microscopes with Automatic Exposure Selector 
a. For 35mm Film b. For 4 x 5 negatives 17 


Micro Manipulators with Ultrasonic Micro Jackhammer* 


Sf ee ee 


NAME 


NEW DEVELOPMENTS 
IN THE FIELD OF 
SCIENTIFIC INSTRUMENTATION 


CHECK THIS LISTING OF RECENTLY PUBLISHED BULLETINS 


Kindly mark those you wish to receive and mail coupon or write us today. 


Please send.me free and without obligation the Bulletins | have circled below. 
11 















Ultrasonic Disperser for Electron Microscope Prep- 
arations* 









Ultra Thermostats for Hi-Accuracy Temperature 
Control 











Regulating Contact Thermometers and Relays 






Selecta Automatic Analytical Balance with Automatic 
Titrator, Electronic Data Storage and End Result 
Printer 


















Recording Turbidimeter for Investigations of Molecu- 
lar Weight Distribution* 







Recording Fibre Tester for Stress Investigations under 
Static or Dynamic Conditions* 







Bi-axial Alternate Stress Tester for Flexible Membranes 





Wickbold Apparatus for Determination of Traces of 
Halogens, Sulphur, Chlorine in Organic Substances* 









*Scientific Reprints Available 
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BRINKMANN 
INSTRUMENTS, INC. : 

Cutter Mill Rd., Great Neck, L. I., N.Y. 
PHILADELPHIA * CLEVELAND * HOUSTON ~ 
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DISPERSE 
ACCELERATE 
EMULSIFY 
DIFFUSE 
DISINTEGRATE 
DECOMPOSE 


RAYTHEON 
SONIC 
OSCILLATORS 












now in 4 out of 5 research laboratories | 


Scores of valuable services are performed 
for researchers by this versatile tool. In 
fact, the utility of Raytheon Sonic Oscil- 
lators is continually increasing in labora- 
tory projects such as seed germination, 
bacteria growth, acceleration of chemical 
reactions, diffusion of gases in liquids, dis- 
integration of bacteria, and others. 
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Raytheon Manufacturing Company 
Commercial Equipment Division—Medical Products Department 
Waltham 54, Massachusetts 


Please send the following Sonic Oscillator material: 
(0 Comprehensive application bibliography 


( Summary of applications (from more than 500 users) 
( Complete specification sheet 








The only low-frequency magnetostriction 
units available, Raytheon Sonic Oscilla- 
tors offer outstanding advantages in 
trouble-free construction, simple opera- 
tion, long life and low cost. The treatment 
cup may be autoclaved, temperature and 
pressure controlled. “Plug-in” installation. 


YOURS— WITHOUT 
COST OR OBLIGATION! 


















Zone. State aro 





| 
| 
a 
1 
H 
| 
i 
| 
| 
| 
| 
am : G : Name 
250 Watt Unit x 
50 Watt Unit i Address 
(165cc-10KC) -T6600-9KC) , 
4 City 
ANTE 4 
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RECTILINEAR GALVANOMETRIC RECORDERS 


Old-fashioned curvilinear recordings are difficult to interpret—are highly 


subject to reading errors. The modern “recti/riters,” both SINGLE and DUAL 
‘recti/riter’ 

















DUAL, are read at a glance with a simple ruler. 


Furthermore, only the “recti/riter” systems provide these wide ranges for 


recording electrical parameters: 


10 millivolts to 1000 volts a "ee 
500 microamperes to 1000 amperes 1 
Monitor standard frequencies — 50, 60, 400 cps 


You will also like the fast rise time, full scale accuracy, and high sensitivity 
inherent in this galvanometric system . . . the easy frontal access for all 
controls and routine operations . . . the fingertip control of 10 chart speeds 
. .. dependable closed inking system . . . AC, DC, spring, or external drives. 


SINGLE 
‘recti/riter’ 





TI’s efficient “recti/riters” are being used extensively in government proj- 
ects, production control, medical instrumentation, weather studies, and 
numerous other applications. Very likely, you can greatly facilitate your 
specific project with a versatile “recti/riter.” 






Write to Department “S” for complete detailed 
information or a visit from the TI representative. 


TEXAS INSTRUMENTS 


INCORPORATED 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY ° 















HOUSTON, TEXAS + CABLE: HOULAB 
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Henri Bergson...on making gods 


Humanity is groaning, half-crushed under the 
weight of the progress it has made. Men do not 


sufficiently realize that their future depends on 
themselves. They must first decide whether they 


| wish to continue to live. They must then ask 


whether they want merety to live, or to make the 
further effort necessary to fulfill, even on our 
unmanageable planet, the essential function of 
the universe, which is a machine for making gods. 


Les deux sources de la morale et de la religion, 1932 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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The trend is to Laborator 





FLASH- EVAPORATOR 


A new Flash-Evaporator that 
grows with your requirements. Build 
it up with accessories for large 
scale work, continuous evapora- 
tion, and constant temperature 
control. Take it apart when not 
needed. Balanced design; high 
torque, variable speed, and totally 
enclosed motor; glass-to-glass con- 
nections throughout. Evaporates 
strong acids, alkalis, and radio- 
active materials without contamin- 
ation or back drip. 


Bulletin FP-2D 





Standard equipment in most lab- 
oratories. Preferred for permanent 
installations and for heavy duty op- 
eration, but with all basic fea- 
tures of Portable Model. For con- 
tinuous or batch operation, with 
easy conversion from one to the 
other. 


Bulletin FE-20 


LONE 
ELECTROPHORESIS 
APPARATUS 








A sturdy all-purpose variable : 
speed shaker designed for the lab- 
oratory. bench, cold-room, or re- : 
frigerator. The only available unit 


RGN ES oN cS TS oo: 3 | ain 


Completely furnished with all ac- 
cessories for either paper strips or 
starch blocks. Power supply de- 














For evaporation of fraction cuts 
fe directly from test-tubes. Evapor- 
: ates water at rate of 1.0 ml/min; 
: ethanol, 4.2 ml/min; ethyl acetate, 
: 7.2 ml/min; and acetone, 10.0 
; ml/min. Simultaneously evaporates 
: 10 test-tubes, 16-20 mm dia. x 150 
mm long. Connects to water as- 

pirator for vacuum. Automatic ther- 
moregulator controls temperature 
from room to 200° C. Controlled 
vibration prevents ‘‘bumping"’ dur- 
ing heating. Closed system of 
glass and inert plastic prevents 
contamination. 


Bulletin 30-2000 





A_ laboratory apparatus for 
rapid mechanical dialysis of mul- 
tiple samples against different buf- 
fers. Sample volume one to 4,000 
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for shaking stoppered test-tubes 
and vessels under pressure. Ideal 
for equilibrium dialysis, continuous- 
flow dialysis, and micro and thin- 
layer dialysis. Furnished with ex- 
plosion-proof motor, if desired. 


Bulletin 20-3000 





signed specifically for electro- 
phoresis. Suitable for research, 
routine clinical output, or large 
scale separations. Compartmented 
starch tray interchangeable with 
paper carrier in migration cell. 


Bulletin 30-1000 


ml. Complete dialysis in less than 
two hours for most applications 
assured by agitation of both buffer 
and sample. Accessories available 
for continuous-flow dialysis. 
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eee 


Bulletin 20-1000 


For Precision Instruments Laboratory Apparatus 
fe 


LABORATORY GLASS & INSTRUMENTS CORP. 
514 West.147th Street © New York 31, N.Y 


Telephone ADir 


ondack 4-2626 
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CHLORIDOMETER = 


For the analysis of serum, urine, and tissue extracts; syno- SENSITIVE 
vial, spinal, gastro-intestinal, and other body fluids; sweat, ACCURATE 
pleural effusions, and other exudates and transudates; brine; 
and dialyzates. 


MORE RAPID — MORE SENSITIVE AND ACCURATE — SIMPLER TO USE 
THAN ANY OTHER COLORIMETRIC OR ELECTROMETRIC METHOD 


AUTOMATIC TITRATION... 


























IN 6 STEPS AND IN LESS THAN 60 SECONDS 
IF IT HAS AN END-POINT— SET ADJUSTABLE POINTER WHEN TIMER STOPS 


TO 10 DIVISIONS ABOVE RESET TIMER AUTOMATICALLY, 


THE CHLORIDOMETER * INDICATING POINTER TO ® eg: ly 
WILL FIND IT MORE QUICKLY, 
AUTOMATICALLY AND ACCURATELY! 


The CHLORIDOMETER uses an 
amperometric end-point to obtain auto- 
matic shut-off at a pre-set increment of 
indicator current. 





DIVERSIFIED NOW FOR ALL 


© © 
CHLORIDE TITRATION APPLICATIONS PLACE SAMPLE sa TURN SWITCH SELECTED 


IN POSITION TO "ADJUST" (Nol) = TO" TITRATE" (No.2) TITRATION RANGE 


Ask the man who owns two— 
ACCURACY: = .5%, better than + .1% under 
THE ONLY AUTOMATIC CHLORIDE optimal conditions. 

TITRATOR WITH THESE FEATURES: 
SENSITIVITY: 0.25 microequivalent. 
e Accessory reads directly in milliequivalents | ganpye SIZE: 0.01 ml or more of serum with 


e Recorder plots entire titration curve + .5% accuracy, smaller amounts 
e Electrodes interchangeable in easily re- with diminishing accuracy. 


moved assembl 
: PRICE: Complete as shown and ready for opera- 


e Two-year warranty tion with 1 set of silver electrode, 


DURA RAAT SOUND OFS! 6 ieaimaReremmceneaaas O16) PALI TY 
1 a N50 CNS TT A LTV NIST O 


e Instrument used in comfortable sitting posi- 1 oz. silver wire, 2 stainless steel vial 
tion rack, 3 vials powdered gelatin rea- 
e Nomograph give chloride concentration gent, polyethylene spray bottle, clean- 
without calculating ing kit, instrument cover, instruction 
e 60-page Chloridometer Manual contains book and Chlorograph __. $498. 
complete operating instructions and new 
procedures 


*Designed by E. Cotlove, H. V. Trantham and R. L. 
Bowman, National. Heart Institute, Bethesda, 
Maryland. 


e Lowest price includes all equipment for op- 
eration 





e Immediate delivery from stock 


(coe: CRA 





For information write for Bulletin 4-2000 





For Precision Instruments * Laboratory Apparatus 


LABORATORY GLASS & INSTRUMENTS CORP. 
514 West 147th Street * New York 31, N. Y. 


Telephone: ADirondack 4-2626 
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A spectacular Bx$ DALY 


m gas-lrquid 


chromatograph 


PYE 
ARGON 





advance 


CHROMATOGRA 





With exclusive / LONI ZATION DETE 





* Detects as little as 2x 10-” moles of most organic materials 


* Accepts samples as small as 0.025 microliter 


* Virtually independent of fluctuations in temperature, pressure, or flow rate 


* Requires only single calibration curve for most molecular species 


* Short, high efficiency column reduces analysis time 


Here’s the instrument that stole the show at the 
1958 Gas-Liquid Chromatography Symposium in 
Amsterdam. Developed by Drs. Lovelock and James, 
of the National Institute for Medical Research, 
London, the Pye Argon Chromatograph marks a 
tremendous step forward in gas-liquid chroma- 
tography. Already forecast are analytical sensitivi- 
ties in the imagination-staggering order of 100,000 
times greater than now attainable! 


In contrast with conventional chromatographs and 
vapor fractometers employing thermal techniques, 
Pye’s ionization detector system maintains stability 
and reproducibility virtually independent of such 
variables as temperature, pressure, or flow rate. 


EXCLUSIVE NATIONWIDE 


Degree of control is set solely by column require- 
ments. And since the Pye Argon Chromatograph 
readily accepts microscopic samples (0.1 to 0.025 
microliter), column overloading is prevented and 
efficiencies of over 1000 theoretical plates per column 
foot are obtained. 


Learn how .your own analytical efforts can profit 
by this startling new concept in gas-liquid chro- 
matography. Detailed literature on the Pye Argen 
Chromatograph is yours for the asking — or 
better yet, invite a Jarrell-Ash methods engineer 
to your office or laboratory for a firsthand dis- 
cussion of your analytical problems. No obligation, 
of course. 


SALES AND SERVICE SY 


JARRELL-ASH COMPANY 


31 Farwell Street, Newtonville 60, Massachusetts 


San Mateo, Calif. 
Detroit, Mich. 


Pittsburgh, Penna. 


Costa Mesa, Calif. Dallas, Texas 


New Brunswick, N. J. 


Chicago, Ill. 
Atlanta, Ga. 
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The big reason for this “‘Million-Plus” record is 
* After.a ‘Million-Plus’ 


weighings (1,750,000 weigh- 
ings to be exact) one of 


Torsion’s unique construction which eliminates all knife 
edges the chief cause of reduced accuracy. This 
Torsion’s standard balanel virtually One-piece construction is your assurance 

still had its original sensitivity of continuing accuracy over years and years of rugged 

of 0.010 gm. service. Write for Bulletin TB describing Torsion’s 23 


standard models capacities from 120 gm to 14 kg. 





Yr Torsion Balance “‘ Company 


Main Office and Factory: Clifton, New Jersey, e Sales Offices: Chicago, San Francisco 





















The Model 21 


double beam recording 
infrared spectrophotometer 


Leader in the infrared field, the Model 21 
offers complete flexibility in spectral presenta- 
tion, speed and resolution. Wavelength range 
from 800 millimicrons to 35 microns. New 
Model 321 available with double beam, 
double pass system. 


The Model 13U 





universal spectrophotometer 


High performance in ultraviolet, 
visible, near IR and fundamental 
IR regions. Operates as a double 
beam, ratio recording or single 
beam instrument. Accommodates 
IR microscope. 


















The Model 112G 


foreprism-grating spectrometer 


A very high resolution instrument 
with high energy per spectral slit 
width. Single beam, double pass 
operation. Less than 0.1% scattered 
light. 













Analytical 
Instruments 








The Model 154C 
P K pe A low-cost, vapor phase chroma- 


vapor fractometer 


tography instrument capable of 
handling a wide range and high vol- 
ume of chromatographic problems, 
Analyzes gases and liquids boiling 
up to 300°C. Available with repro- 
ducible gas and liquid sampling 
systems, fraction collection systems, 
integrators and a wide variety of 
column materials and sizes. 






















The Infracord® Model 137 


double beam recording spectrophotometer 


Spectracord® 
Model 4000 


recording ultraviolet spectrophotometer 


Features a double monochromator 
for high resolution and low ‘scat- 
tered light (max. of 0.01% between 
222 Mu and 1.5m). Covers visual, 
near IR and ultraviolet regions, 
records in transmittance or absorb- 
ance. Spectracord 3000 recording 
attachment converts most single 
monochromators to fast recording 
spectrophotometers. 





New low-cost infrared instrument for organic 
chemist and spectroscopist. Fast scan (2.5 — 
15u in 12 minutes), atmospheric and solvent 
compensation, differential analysis, instant 
wavelength reset, and linear waveiength vs 
transmittance recording. Records on note- 
book size paper. Handles spectroscopist’s 
routine work. 














Building Blocks and Accessories 
Sources, monochromators, detectors with 





The Model 146 


flame photometer 


Features prism monochromator, 
phototube detectors, internal stand- 
ard or direct ratio operation. A self- 
contained instrument designed for 
speed and convenience of operation. 
Uses less than 5 cc of sample. Oper- 
ates with any commercially avail- 
able gas. 





associated optics, electronics and control 
systems which may be assembled in 
many combinations. Covers infrared, 
visible and ultraviolet emission 

ranges completely. 




















INSTRUMENT DIVISION 


Perkin-Elmer Gyno 


NORWALK, CONNECTICUT, U.S.A. 








The Model 38A 

Tiselius Electrophoresis instrument 
Analyzes and separates complex 
solutions. Permits determination of 
identity, concentration and compo- 
sition of solutes. Widely used by 
biologists, pathologists, biochemists. 
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___Kodak reports on: 
beating our heads against the spectrophotometers ... the boys who do their arithmetic 
violet, in advance... how sometimes people don’t listen the first time 
ss Self criticism —, be any. be, have poe Royal-X Pan emulsion and ‘con- 
singl genated our complete stock thereof, cluded that for the present puttin 
dane We try our best, and over the years redictilled it, and resolved not to let _it on 16mm, aa oF faa film 
the level of quality rises. it happen again. At least it was our _ would not be a good idea. Further- 
Mm eae spectrophotometer that discovered more, the arithmetic indicates that 
—* At a certain point in a column the impurity, not somebody else’s. the most sensitive regular-produc- 
where we distill a lot of mesityl ox- pd gs x tion films in these widths, Kodak 
ide for intramural reasons, a pe- Tri-X Film and Kodak Linagraph 
culiar substance was found to ac- Recently a man wanted to buy Pan Film, might not be quite sen- 
cumulate. Infrared spectroscopy one of our chemicals in mass- sitive enough. 
‘ument showed it to be 4-methyl-4-penten- spectrographically-pure grade. We No, this is not leading up to some new 
ral slit 2-one, an unconjugated isomer of told him he couldn’t afford the “Quadruple Grand Ducal Whoosh !-X 
seal |. Beelity confeanted meciyt oxide, price snd turned Mim down fis. te” See eet aeaceneeea 
A busybody among us who is quick © Nor do we know how much money quieter name, Kodak Spectroscopic 
on the draw with his gas chroma- _he has. Film, Type I-D(2). It is one of 111 
ee tography outfit then opened a bot- All this is for the benefit of Eastman special emulsions we make for astro- 
tle of our Eastman Grade Mesityl Organic Chemicals. Our current List physicists and the like. By some tests it 
; No. 41 catalogs some 3700 of them—a is faster than Royal-X Pan, but we are 
Oxide, numbered Eastman 582. large number of battlegrounds for the not prepared to prove this. By advance 
Sure enough, a separable fraction war against impurity. Chemists who arrangement through Eastman Kodak 
a oe SS! See tone ee cine 
; . . make si ivision, Roc. r 4, N.Y., 
id wes this very peerage Should something they can buy. For a and 100 feet of it in 35mm peek ates. phe 
bien we take the position that It 1s the . write Distillation Products Industries, can be furnished for $10, or two 100-foot 
boiling nature of mesityl oxide to isomerize Eastman Organic Chemicals Depart- 16mm rolls for $6.60 apiece (ist). 
repro spontaneously? We decided we ment, ggg a Ni = (Division of - h 
mpling should not. Up went the “P” to  /4stman Kodak Company). Freezing here 
ystems, make it Eastman P582, and down A fast fil ith : In manufacturing Kodak Frozen 
iety of came the price to $2.30 a kilo. Even ast film with a quiet name Section Stripping Film we are at- 
as a Practical Grade solvent, we Dearly as a hunting-and-fishing edi- tempting to perform a public serv- 
plan to keep its isomer content be- tor loves to describe some high ice for and through pathologists. 
low 0.5% when packed. Andean stream which only a major They are paying scant attention. 
e. 6: 2 general has ever had occasionto Unless an upturn sets in soon, we 
omen whip, so the photographic press shall give up. 
omator We are co-operating in a splendid dotes on miracles in making pictures This product is the ultimate in 
W scat project to measure and catalog the —_— with a parsimony of radiant energy slow films, being endowed with no 
etween infrared absorption spectrum of that few occasions demand. We light sensitivity whatsoever. Its 
won every organic compound that can — would no more discourage this than sole known function is to support 
sbeott be rounded up. One observation we would the game of bridge. a CO,-frozen tissue section being 
cording from this experience has impressed The fastest film that can be ob- microtomed. A description of the 
single itself: how often the infrared spec- tained by walking up to a film technique, stated to be quick and 
cording trum shows a carbonyl linkage in _ counter without previous noticeand = easy, may be found in American 
compounds that are not supposed plunking down the money is labeled Journal of Pathology, 28, 863-873 
—— to have any. “You are seeing car- Kodak Royal-X Pan Film, It comes (1952). This paper depicts a 10u 
bonyls in your sleep,” the boss chid either as roll film or sheet film. It section of adenocarcinoma of the 
our normally genial chief control is grainy. The average photo-hobby- — rectum showing invasion of the 
chemist when he came in all worried ist needs it about as badly as he wall, bronchogenic squamous cell 
por | and upset about finding a carbonyl needs a fishing trip to the Andes, carcinoma cut at 5u, lung tissue cut 
Aselt dip in the spectrum of bis-(3-chloro- except that a roll of the 120 size at 5u showing edema secondary to 
red for n-propyl) ether. But gas chromatog- lists for only 75¢. cardiac failure, and other examples 
eration. raphy went on to demonstrate two On the other hand, take a fellow of tissues said to be otherwise dif- 
>. Oper: fractions present to the extent of | whose hobby is bridge but whose ficult to handle. 
y avail: 2% and 4% respectively, and these _—_ job is to record the path of a piece The product consists of a 10y gelatine 
were found by I-R to be carbonyl — of metal hurtling through the twi- aver atop a 30, cellulose ester io 
oe compounds. That is why we have _light a thousand miles above him. od speund beens anstyeaa 
shorn this ether of its capitals, Or take his classmate who needs layer is pre-stained, the stain transfers 
italics, and Eastman number. to analyze the first microsecond of in seconds to the specimen. The film is 
ent a thermonuclear explosion. These supplied in unperforated 35mm rolls 25 
»mplex So b rere 1 in thei feet long for $15 (list) by arrangement 
ation of , 7) a ae ee ee through Eastman Kodak Company, 
compo Our ultraviolet spectrophotome- negatives to us with a letter asking Special Sensitized Products Division. 
ised by ters are another thorn in our side. how come they turned out so dark. Rochester 4, N. Y. This is not the way 
hemists. U-V is very good at showing iso- | They have been in close touch with great industrial empires are built. 
quinoline bands, and it showed us before going out to their stations. 
them in /,2,3,4-Tetrahydroisoquino- In their behalf we have very care- ph — yt sp to 
line (Eastman 7065), where there _fully considered all the dataon the “““**"™"™ : 
This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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New and Recent books from Pergamon 


PROCEEDINGS OF THE Vith INTERNATIONAL 
SPECTROSCOPY COLLOQUIUM 


Edited by Professor W. Van Tongeren and F. Freese, Amsterdam 


This volume constitutes a nearly complete collection of the 108 papers presented at this important 
conference, held May 14—19, 1956, at Amsterdam, and provides in English, French, or German the 
proceedings of this meeting. Most papers include an abstract in English, and when discussion of 
importance has followed a presentation, this has been included. 


It is not practical to reproduce a list of more than 100 contributors, but the principal areas covered 
should indicate the nature colloquium. These sections are (1) Flame Spectroscopy, (2) Emission 
Spectroscopy, (3) Arc Emission, (4) Spark Emission, (5) Emission (General), (6) Instrumenta- 
tion (Emission), (7) Instrumentation of Absorption Methods, (8) Ultraviolet Absorptiometry, and 
(9) Infrared Spectroscopy. Price $25.00 


SCINTILLATION COUNTERS 
by J. B. Birks, Professor of Physics, Rhodes University, South Africa 


This book is a timely review of one of the most important and versatile instruments in modern 
nuclear research, and the factors influencing its performance and use discussed in detail. The book 
includes the first account of the author’s theory of organic crystal, plastic and liquid phosphors. 
The properties of inorganic phosphors are also considered in detail. Bibliography of over 220 
references and index are included. Price $4.50 


SYMPOSIUM ON INFORMATION THEORY IN BIOLOGY 


Edited by Hubert P. Yockey, Ph.D., Assistant Director, Health Physics Division, 
Oak Ridge National Laboratory, assisted by Robert L. Platzman, B.S., M.S., Ph.D., 
and Henry Quastler, Ph.D. 


This book collects the papers given at a Symposium on Information Theory in Health Physics and 
Radiobiology held at Gatlinburg, Tenn. in October 1956. The papers—both theoretical and experi- 
mental, involving, in general, the application of information theory to biology—are written by 
active workers in the field and present new research. Written especially for the biologist, they 
should stimulate further research. 


A special feature of SYMPOSIUM ON INFORMATION THEORY IN BIOLOGY is its application 
of quantitative ideas of information theory to biological problems such as storage, transfer and 
destruction of specificity. Among the specific applications are those made to protein structure and 
formation and to radiobiology and gerontology. Some problems are included in the first part of 


the book. 500 pp. Price $12.00 


THE PHYSICAL FOUNDATION OF BIOLOGY, 
An Analytical Study 
by Walter M. Elsasser, Scripps Institution of Oceanography 


The author discusses the problem of the foundations of biology from the point of view of a mathe- 
matical physicist. Dr. Elsasser, himself a theoretical physicist, has devoted much thought to this 
problem in order not to violate either the facts or the spirit of experimental biology, and his 
philosophical attitude in this inquiry is positivistic and operational. 


The approach taken in “The Physical Foundation of Biology” was only made possible by a three- 
fold development in theoretical science that has occurred in recent years; the background of the 
book is taken from the theory of automata (often designated as computers), the theory of informa- 
tion (mainly developed in communication engineering) and the theory of microscopic measurement 
in the atomic and molecular domain (based largely on quantum mechanics). The author shows that 
many interesting questions can be raised for biology on the basis: of increased understanding of the 
above-named three subjects. Est. pages 216. Price $4.75 


PERGAMON PRESS 


NEW YORK LONDON PARIS LOS ANGELES 
122 East 55th Street, New York 22, N. Y. 4 & 5 Fitzroy Square, London W.1. 
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Check list of Your Laboratory Needs 





Partial List of the Finest Instruments, Apparatus and Reagent 
Chemicals Stocked by Seven Strategically Located Fisher Plants 


BALANCES 

Ainsworth Ohaus 

Cahn Seederer-Kohibusch 
Christian Becker Torsion 

Fisher Troemner 

Gram-atic Voland 

Mettler Welch 
CENTRIFUGES 

Drummond Precision 

Fisher Sharples 
International 

CHEMICALS 

Fisher National Aniline Stains 
B.B.L. Media & Dyes 

Difco Media Travenol Sera 


Eastman Organics (DPI) 


CHROMATOGRAPHIC EQUIPMENT 


Fisher Whatman 
Research Specialties 
COLORIMETERS 

American Optical (Spencer) Beckman 
Bausch & Lomb (B&L) Fisher 


CRUSHERS, GRINDERS, 
PULVERIZERS, MILLS 


Braun U. S. Stoneware 
Fisher Wiley 
DISTILLATION EQUIPMENT 
American Sterilizer Precision 
Barnstead Stokes 
ELECTROPHORESIS APPARATUS 
Spinco Welch 

FILTER PAPER 

Fisher Schleicher & Schull 
Munktells Whatman 

Reeve Angel 

FURNACES AND OVENS 

Blue M Lindberg 

Burrell National 

Fisher Precision 
Hevi-Duty Sentry 

Hoskins Temco 
FURNITURE 


Fisher Unitized (from stock) 


GAS-ANALYSIS APPARATUS 


Beckman Fisher 
GLASSWARE AND PORCELAIN 
Coors Fisher 


Corning (Pyrex and Vycor) 


HEATERS, HOTPLATES 


Fisher Lindberg 
Glas-col (Mantles) Precision 
Hoskins Temco 


Kimble (Exax and Normax) 


pH METERS 


Beckman 


METALLOGRAPHIC EQUIPMENT 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) Precision-Jarrett 


MICROSCOPES & ACCESSORIES 


American Optical (Spencer) Bausch & Lomb (B&L) 


PETROLEUM-TESTING EQUIPMENT 


Fisher/Tag Precision 


PUMPS —VACUUM & PRESSURE 


Fisher Welch 


REFRACTOMETERS 


American Optical (Spencer) Fisher 
Bausch & Lomb (B&L) 


SPECTROPHOTOMETRIC EQUIPMENT 


Beckman Coleman 
Bausch & Lomb (B&L) Fisher-Todd 


STERILIZERS & INCUBATORS 


American Sterilizer National 
Fisher Precision 
Eastern Precision 
Fisher VirTis 
Mixco (Lightnin’) Waring 


TITRATION EQUIPMENT 


Beckman Precision 
Fisher 

VISCOMETERS 

Fisher Stormer 
Fisher/Tag 


WATER BATHS 


Blue M Precision 
Fisher 


eeeereeeree ee ee ee eeeesesreseeeee 


FOR MORE DETAILS... 


Bulletins covering the above products, in ° 
detail, are available on request. Write: « 


: 139 Fisher Building, Pittsburgh 19, Pa. ° 


ever eereee esr ee ee eeeeeeeeeeeees 
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America’s Largest M 


IN THE U.S.A. 
Boston 
Buffalo 

B-20 Charleston, W.Va. 


Chicago 
Cleveland 


tor of Laboratory Appliances & Reagent Chemicals 


Philadelphia IN CANADA 
Pittsburgh Edmonton 
St. Louis Montreal 

New York . Washington Toronto 
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Anton’s Electrically 
Compensated Ion 
Chambers 

and BF, Counter Tubes 


(Enriched, normal or depleted in B1°) for 
detection of either slow or fast neutrons 
are widely-used in reactor control and 
monitoring, oil well logging and neutron 
survey. Available in a wide range of di- 
ameters, sensitive lengths and wall thick- 
nesses in 2S aluminum or stainless steel. 





Anton End 
Mica Window 


Counters 
Alpha, beta, gamma counters are halogen 
quenched, stainless steel. Also available 
with special organic as well as other rare 
gas fills). Window thicknesses available 
from 1 mg/cm2, Tubes vary from sub- 
miniature to standard conventional sizes 
and are based with standard RMA con- 
nectors. JAN types available. 


a 


Anton 
Thin Wall 
Counter Tubes 


Stainless steel, halogen quenched counter 
tubes for beta, gamma studies are ex- 
tremely sensitive and can meet all JAN- 
MIL specifications. They are the only 
commercial metal thin wall tubes avail- 
able with a stainless steel 30 mg/cm? wall 
which will not dent or collapse. Instru- 
ments using groups of these tubes exceed 
in sensitivity and stability most scintilla- 
tion units. 


CI 


Anton's Pa 
Pancake Tubes 









Halogen quenched, sensitive beta-gamma 
detectors with end mica window. These 
units are designed for low intensity meas- 
urement and are widely used in facilities 
doing low-count work. Flat pancake de- 
sign offers advantage of large diameter 
window without large. volume and high 
background count. 


Anton high efficiency tubes are Platin- 
ized*, This process provides sensitivity 
beyond that of standard tubes. 

*Reg. pending 
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Check the many ways 
ANTON can serve your nuclear needs 


229 
Ratemeters 





The most precise laboratory ratemeter 
available, Anton’s 229 Series has 7 scales, 
including a single log scale from 300- 
50,000 cpm with accuracy of better than 
+2% of meter reading above % scale. It 
has dual range input sensitivity and pro- 
vides precise and efficient measurement of 
radioactivity in industry, research and 
medicine. 


LI 
700 


Survey 
Meter 





Portable laboratory or field survey meter 
(.5; 5; 50 mr/hr full scale) is built to 
FCDA specifications — the only CDY-700 
type survey meter which can be exposed 
continuously to high intensity radiation 
without detector failure. Probe uses Anton 
halogen quenched, very thin wall, stainless 
steel counter tube. Accuracy assured from 
—55°C to +75°C. 


44 
Ratemeter™ 


Low-cost, accurate, dual range (0-5000; 
0-50,000 cpm) ... exclusive input design. 
Supplied with Anton long-lived, stainless 
steel, halogen quenched, thin wall (30 
mg/cm?) counter tube or a wide range of 
other tubes. Unit features a jack for ex- 
ternal meters, terminal board construction 
and oscilloscope connections. 


Los 


6001 
Sample Changer 






-> 
For quick, accurate measurement of low 
intensity radiation. Designed for use of 
one or two Anton pancake type, high beta 
sensitivity, low background counter tubes. 
Provides 2” lead plus 3/16” aluminum 
shielding in all directions, lowering the 
background count by a factor of from 
two to four. Makes possible counting 
geometry of nearly 100%. 


ANTON ELECTRONIC LABORATORIES, INC. 


A subsidiary of United States Hoffman Machinery Corporation 











LI 


High Pressure Reactor Connectors 


<8 Garg 


Anton’s stainless steel, hermetically sealed 
reactor heater-end connector -withstands 
2000 PSI at temperatures of 636°F, with 
terminals capable of carrying a load of 
16 amperes with a potential drop of less 
than 10 milliwatts. A wide variety of con- 
ventional and specialized connectors is 
available. 


LJ 


Medical Eye, 
Brain And 
Ingestion Probes 










These tubes are rugged, sensitive alpha, 
beta, gamma radiation detectors specifi- 
cally designed for reliable, low count medi- 
cal tracer work. They can be cold steri- 
lized and their pulse intensity obviates the 
need for a preamplifier. 


Air Particle 
Monitors 





Monitoring systems for aerosol contami- 
nation (alpha, beta, gamma) are avail- 
able in a full range of moving filter pa 
per, fixed filter paper and impact instru- 
ments. Rack mounted, cart mounted and 
portable instruments available. 


ie 


Corona Discharge 
V-R Tubes / 


(300V-30KV) 





Anton is licensed under the basic patents 
in this field. Valuable data available con- 
cerning this low-cost solution to high volt- 
age low current regulation problems. 


.»dnd many more. seo ro 
FREE DATA CONCERNING YOUR SPECIFIC NUCLEAR 
INSTRUMENT, TUBE OR COMPONENT NEEDS. 


1226 FLUSHING AVE., BROOKLYN 37, N. Y. 
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LOW TEMPERATURE SOLID STATE MASER RESEARCH#* 


tors is 


You, too, can 


PIONEER 
on such new frontiers 


AT TEXAS INSTRUMENTS, YOU can apply your Master or 
Doctorate specialty under conditions of substantial freedom. 
Explore scientific horizons with outstanding associates. .. using 
facilities that permit work of highest technical caliber. Expand 
your professional potential in free exchange of ideas...in an 
atmosphere where you and your work are recognized as vital. 





Favorable research climate is a major factor in the swift growth 
of this 28-year-old company whose sales rate has increased 
20-fold over the last decade. Recognition of individual talent 
and achievement has helped Texas Instruments grow to be one 
of the 500 largest industrial companies in the country. To pace 
Iter pa TI's leadership, the Central Research Laboratory will soon move 

instru: iS expanding scientific community into a new building designed 
ted and — ‘0 establish an even finer creative environment. 


ontami- 
e avail- 


Avail yourself of this opportunity for self-expression in creative 
research. In addition, enjoy TI’s generous personnel benefits as 
well as encouragement and assistance in personal development. 
Tl labs are in the city yet away from downtown traffic . .. within 
minutes of fine residential areas, cultural activities, churches, 
highly rated schools and, of course, year-around outdoor recre- 
ation in the pleasant climate of the Southwest. 


BASIC & APPLIED RESEARCH Masters and PhD’s interested in these 
activities, please write A. E. Prescott. 


In addition to research, there are excellent openings for ME’s and EE’s, 

electronics engineers especially, in—ELECTRONIC & ELECTROMECHAN- 

ICAL APPARATUS Radar, sonar, infrared, optics, magnetics, telemetering, : O 
communications, computers, transformers. Write John Pinkston. ip \ 


For SEMICONDUCTOR DEVICES & OTHER COMPONENTS Transistors, . J 
diodes, rectifiers, capacitors, resistors, transistor circuit applications, test ’ bg 
equipment, mechanization, write Harry Laur. 


NUCLEAR 
s. 











*LOW TEMPERATURE PHENOMENA. While commercial applications in this field Sh >’s AS | NSTRUMENTS 





may be some time away, the potential is so great in TI’s areas of interest that we are 


¢ngaged in a broad, basic approach to the problems involved. This activity is only one of INCORPORATED 











some 20 subjects now under study at Texas Instruments—covering basic and applied 6000 LEMMON AVENUE . DALLAS 9, TEXAS 


research in solid state physics, materials, devices, data systems, and earth sciences; 






concentrating on semiconductors, electroluminescence, ferromagnetics, magnetic resonance, Somat oe 
superconductivity, dielectrics, infrared, geophysics, computers, memories, and transistors ; 
plus physico-chemical studies of diffusion, alloying, crystal growth, and crystalline perfection. 








RESEARCH EQUIPMENT 
for the BIOLOGICAL LABORATORY 


BY 





Vi.Tis in.t.umants aze designed in the biological research laboratory, insuring 

easily operated and versatile equipment, precisely right for your investigations. 

We feature a comp.chensive line of freeze-drying equipment and accessories from 

economical dry ice refrigerated units to mechanically refrigerated, complete freeze- 

drying laboratories. 

The VirTis series of high speed homogenizers provide unusual efficiency for 

homogenizing plant and animal tissues, often achieving results btainable by 

other methods. 

Other research developed instruments for the research laboratory include the 

automat'c pipette washer for cleaning pipettes without resorting to acid-bichromate 
solutions; the Extracte-Matic 
for effortless separatory funnel 
extractions; and the Ultrabac 
filter for completely non-toxic 
ultrafiltration or bacteriological 
sterilization. 





A truly universal freeze-drying 
apparatus, the VirTis Mechani- 
cally Refrigerated Freeze-Mobile 
reduces manual operations to a 
minimum. Freon-22 automatically 
cools the condenser to tempera- 
tures between =-50°C and 
- 60° C, eliminating costly and 
time consuming dry ice refriger- 
ation. Unattended overnight op- 
erations may be made with com- 


plete assurance. The unique de- 
sign of the stainless steel vac- 
uum drum permits efficient bulk 
drying as well as _ traditional 
manifold drying. Up to seven 
liters of water may be condensed 
before defrosting becomes neces- 
sary. The VirTis Mechanically 
Refrigerated Freeze-Mobile is the 
most convenient and economical 
instrument of its kind for the 
laboratory engaged in large scale 
freeze-drying procedures. 


VirTis dry ice refrigerated 
Freeze-Mobiles are complete 
freeze-drying laboratories, re- 
quiring as accessories only the 
flasks, dry ice, and solvent. 
Each is equipped with the 
freeze-dryer, trap, McLeod 
gauge, and vacuum pump 
mounted on a mobile stainless 
Steel cart. Component parts are 
designed for maximum effi- 
ciency; and valuable laboratory 
table space is conserved. 


Mechanically 
Freeze-Mobile Refrigerated Freeze-Mobile 


“45 HOMOGENIZER 


Razor sharp blades operating in fluted ; A compact, manifold 
Pyrex containers at speeds up to This low cost tissue homogenizer in- style, table top freeze- 
45,000 rpm produce rapid and ex- corporates the best features of the dryer, the VirTis Macro 
tremely fine homogenates. Accesories VirTis ‘45°’, but at a volume capa- freeze-dryer has found 
make possib‘e efficient processing of vol- = ¢:ty from 0.2 ml. to 200 ml. Motor wide acceptance in the 


umes as low as 0.2 ml. and as high — ooorates at speeds up to 23,000 rpm. biological laboratory en- 
as 400 mi. In this unique high speed —-- 


tissue homogenizer. pat gaged in small sale 
freeze-drying procedures. 
Up to one liter of efflu- 
ent may be condensed in 
a single dehydration. 


Macro Freeze-Dryer 
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The VirTis Bio-Dryer is de- 
signed for those applications 
where many small samples 
must be processed simultane- 


BIO-DRYER 


ously. Dozens of bacterial suspensions can be dried and preserved under vacuum in 
a single day. The horizontal arrangement of the ports simplifies handling a seal- 
ing-off torch when heat sealing ampoules. 


Less effort and greater efficiency in separatory fun- 
nel extractions are obtained using the VirTis Ex- 
tracto-Matic. Just pour the two immiscible sol- 
vents into the specially designed separatory funnels 
and ‘‘Extracto-Matic’’ does the rest. One machine 
will handle all three available funnel sizes from 
100 ml. to 500 mi. capacity. 


For additional information on these and other instruments, con- 
tact your VirTis distributor or write, 


THE VIRTIS CO., INC. 


GARDINER, N.Y. 


EXTRACTO-MATIC 
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TWO YEARS IN 1N NaOH SERVICE without lubrication . . 


And that’s just one typical report 
on Lab-Crest stopcock-equipped 
Lab glassware. The big advantage 
of this revolutionary stopcock is 
NO GREASE! And by eliminat- 
ing stopcock lubrication, Lab- 
Crest gets at the very heart of 
most stopcock problems. 


Add it up yourself! There’s 
never any need for cleaning or 
greasing stopcocks . . . no chance 
of leakage or freezing. You can 
throw your stopcock pullers away. 
Dry deposits can’t ruin titration 
results. And as vital as these 
24 OCTOBER 1958 


Lab-Crest features are in caustic 
service, they’re just as valuable in 
solvent service, vitamin B, deter- 
minations, chromatography, and 
other critical use. 


Lab-Crest’s unique locking nut 
is another feature. In everyday 
use handling pressures greater 
than 60 psi in pilot plant installa- 
tions, there’s no chance of a plug 
popping under a heavy column 
of sulfuric acid. 


All these advantages can be 
yours. Look for the Lab-Crest 





. without freezing 


seal on burettes, separatory fun- 
nels, chromatography columns— 
wherever convenience, accuracy, 
and freedom from contamination 
are important. 


Write for your copy of Catalog 
80C100. Fischer & Porter Co., 
5408 County Line Road, 
Hatboro, Pa. 
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Announcing 





NUCLEAR SYSTEMS’ 
GAMMASCAN THICKNESS GAGE 





Precise, high-speed measurements .. . from light gage metal to more than a foot of steel 








Gammascan, a non-contacting, high speed thickness 
gage, is capable of providing continuous measurement of 
deviations in a wide range of materials and thicknesses. 


By utilizing gamma radiation from a shielded Cobalt 
60 source and a special scintillation detection system, 
Gammascan indicates thickness deviations within milli- 
seconds—deviations as small as .001" of steel. It can be 
linked with a chart recorder as well as servo-mechanisms 
for positive production control. One calibration allows 
24 hours of continuous operation. 


Gammascan is just one product of the constant research 
and development going on at Nuclear Systems. Also 
offered are... 


GAMMA IRRADIATION FACILITIES 
Cobalt 60 sources and lead-shielded facilities for con- 
ducting radiation research in your own laboratory. 


1 Se om El <9 eee ee 





GAMMA RADIOGRAPHY EQUIPMENT 
Gamma sources and machines for radiographic inspec- 
tion of weldments, castings, and solid fuel propellants. 


RADIOACTIVE SOURCES 
Isotope source material and encapsulation facilities 
available for special source requirements. 


COBALT 60 TELETHERAPY SOURCES 
Medical sources in standard international teletherapy 
capsules provided for commercial or custom installations. 


CONTRACT RESEARCH AND CONSULTING 

in fields related to our product line... including non- 
destructive testing in such diverse areas as gamma prob- 
ing of reactor shielding and missile solid fuel propellants. 


For full particulars about the new Gammascan, or any 
of our other products or services, contact our nearest 
sales office. 
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A DIVISION OF THE BUDD COMPANY, Philadelphia 32, Pa 


Sales Offices: PHILADELPHIA 32, PA. 


CHICAGO, ILL. 











e SAN FRANCISCO, CAL. ¢ INGLEWOOD, CAL. 
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E. Leitz, Inc., New York, 
welcomes distribution of the famous 
Schmidt & Haensch analytic instruments. 


E. Leitz, Inc. is proud to announce that it has been entrusted with the distribution of the famous products of one of the 
oldest and best known German manufacturers of optical and precision mechanical instruments, Schmidt & Haensch of 
Berlin, founded in 1864. Schmidt & Haensch products, known and in use in all parts of the world, include: 


POLARIMETERS: 


for clinical purposes to determine sugar in urine; for the chemical 
industries to examine optically active substances in chemical and 
pharmaceutical products. 


SPECTROMETER-GONIOMETER: 


to determine the refractive index of solids or fluids. 


FOCOMETER: 
for the measurements of focal length of objectives from 20- 
200 mm. 


ANOMALOSCOPE: 


a testing device for color blindness. 


PYROMETER: 


for the measurement of high temperatures, used in the manu- 
facturing of electric light bulbs and the melting of gold and silver 
in industrial or physics laboratories. 


TRICOLOR PYROMETER: 


for true melting temperature determinations in steel, cast iron, etc. 


SPECTROSCOPES: 


for wave length measurements, classroom demonstrations, 
laboratory use. 


SUGAR REFRACTOMETER: 


for the sugar industry to obtain direct readings of percentages by 
weight of sugar. 














ANOMALOSCOPE 


E. LEITZ, INC. 
SCHMIDT & HAENSCH DIVISION 
468 FOURTH AVE., NEW YORK 16, N.Y. 


Please send me additional information on Schmidt & Haensch products. 


Name 








SUGAR REFRACTOMETER 





Street 
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Wt __ BALANCES 
‘we ~~ ARE TRULY MODERN 





1 
In the last 10 years the METTLER line of 
fine balances has grown from this single 
model Lu 














to a whole family of highly exact and useful weigh- 











ing instruments. There are now 11 basic types, 





and each one of them is available in a number of 
modifications adapted to special uses. The stand- 
ard calibration is in grams, but special calibra- 
tions in pounds, grains, pennyweights and carats 


can be supplied in some types. 





METTLER balances weigh by substitution, the 


soundest principle of weighing. This, together with 





imaginative design and superb craftsmanship is 
the hallmark of, every METTLER balance: It is 
your guarantee of simple, fast and trouble-free 


operation and of accurate results. 














Write to us today for a full descrip- ey // ee / 7 


tion of all Mettler units. Let us 


demonstrate the balance to you in Tea celta bamelel stele tarel. 
your laboratory. 
HIGHTSTOWN, N. J. 
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N 1500 mi at 26,000x¢ 
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INTER 
erie HIGH-s 
ERATED CENTR| PEED 
FUGE 


This unique combination of large capacity, higher speed and 
lower controlled temperature increases the value of centrifugal 
force as a basic research tool. 


HIGH “G” HEADS: The 8-place 50 mi head delivers 40,000 x G; 
the 6-place 250 ml head, 26,000 x G. Adapters are available for 
use with smaller tubes. Additional heads and attachments are 
being developed. 


HIGH SPEEDS are obtained by 4 direct drive, special motor. 
Speeds are set by a stepless autotransformer control. 


TEMPERATURES BETWEEN —20°C and +40°C are kept 
constant within + 1°C byal HP refrigeration unit, an 
exclusive fin-coiled evaporator, and a new combination of 
plastic foam and fibre glass insulation. 


USE THE COUPON to get all the facts about this all-new and 
better high-speed refrigerated centrifuge from international eee 
Your Dependable Source for Centrifugal Force. 


International init, -_ 


1219 SOLDIER 
Please rush co voies and Hae 
| Sein , BOSTON 
Hokage ee” brices and delivery schedul ee Gand aR hye 
' es on International’s 
al’s new 





| ee a HR-1 High-Speed 






































ASCO ‘‘50” 


ROTA-FILM. 
STILL 


DISTILLATION 


With this simple-to-operate still you may... 





@ explore falling agitated film evaporation 
and distillation, 

e distill materials with molecular weights 
ranging from 200 to 1250 weight (hydro- 
carbons) and some materials to 4000 mo- 
lecular weight (silicones and halocarbons), 

e deglycerinate and distill mixtures of mono-, 

di- and tri-glycerides S 
distill tall oil 

distill paraffin from slack wax or petroleum 

residue 


Hundreds 


now rn use! 


deodorize oils, 


remove color bodies from materials of high 
molecular weights. 


FEATURES 
Batches from 10 ml to 20 liters 


e Vacuum range from atmospheric to 
1 micron Hg. 


Write for foider 


for more details 


Temperature range to 450°C, / 
Teflon or carbon rotor-wiper blades 

Stainless-steel (18-8 type 304) wiper- 

holders (Available with Hastelloy B) < om 
Continuous or batch feed : cal 
e All parts made of glass except 
wiper-holders and top plate 
UNITS MAY BE COUPLED FOR 
FRACTION ATION. 














5; and description 


















Fields of investigation heretofore made 
prohibitive through use of highly expen- 
sive investigative techniques can now 
be explored with this simple-to-operate 
molecular still. Since the “50” still is the 
laboratory counterpart of the large com- 
mercial Rota-Film Still, results obtained 


, be duplicated mmercial le S$ oo 
wma CEO COMPLETE FOR ONLY 391 


Write: Dept. $-1025 
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ARTHUR F. SMITH CO. e 311 ALEXANDER ST., ROCHESTER 4, N. Y. 






















“You wasted a week of your time, 
Two weeks of technicians’ time, 


Three kilos of diet mixture 








9 
Vi And forty rats. 

Now how much was it you saved by 
| not using the purest biochemicals?” 
J) 
er 
ls MORAL: Use CfP or A grade 
mn biochemicals, they are the purest, 

they are supplied 
by the undersigned. 
O catalog and other 
a aids-for-the-Biochemist 

CALL COLLECT ANgelus 3-6741 CABLE: CALBIOCHEM will be mailed on request 

3625 MEDFORD STREET - LOS ANGELES 63, CALIFORNIA 
Vs 
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VirTis 


Freeze-Drying 


Va ola -3-1-1a's- Lilo) a) 
\WameK-Jah’cele-tilelal 
rod Mi al-t-ter-t-lal-yhiha- 


substances 


Mechanically Refrigerated Freeze-Mobile 


SOCSHSHSSHSSSSSSEHHSHOHSSSHSEHHSEESOSOOHSSSHESESEESESESESES 


Why freeze-drying? 


Samples are frozen solid then subjected to 
high vacuum. When heat is applied under 
these conditions, moisture is gradually re- 
moved by sublimation, resulting in a dry, 
porous sample which can be reconstituted 
by adding water. Sample can be preserved 
indefinitely when sealed under vacuum or 
inert gas, 

There is a VirTis Unit for every need, 
ranging from a micro unit with 600-ml 
capacity to the mechanical system shown 
here. Write to S/P for complete details 
and the new VirTis catalog. 








Compact, portable freeze-drying 
in your own laboratory! 


APPLICATIONS: 


®@ Biological Research—safe dehydration of hormones, vitamins, 
enzymes, bacteria and virus. 


@ Organic Research—purification of low vapor pressure solvents. 
@ Pharmaceutical—product preservation and dehydration. 

@ Food Industry—preservation of flavor and quality. 

@ Hospital—preserving bones, arteries, skin, etc. 


This is a complete self-contained, all purpose unit with 
infrared heaters, condenser, vacuum drum, pump and 
gauge, and mechanically refrigerated unit. Auto- 
matically refrigerated as low as—60°C. Uniformly 
controlled radiant heating for fastest drying. A 
variety of flasks are available for manifold drying. 


No. 69126 —VirTis Mechanically Refrigerated 
Freeze-Mobile........+++ $2,875.00 





Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES —1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta + Chicago « Columbus - Dallas « Kansas City « Los Angeles 


Minneapolis * New York « San Francisco + Washington 
SCIENCE, VOL, 128 








ACOUSTIC 
NOISE 


When huge 1ocket engines lift a 

ballistic missite or satellite vehicle 

into the air, the thundering noise of 

the engines violently shakes intricate 
electronic components and the missile 
structure itself. Acoustic noise is 

one of the many environments that must 
be thoroughly explored and understood 
by the missile designer. 


But it is expensive and impractical 
to conduct acoustic noise tests by 


operating rocket engines on the ground. 
Noise —of the same frequencies and 
amplitudes as rocket engine noise—must 
be produced in the laboratory. 


Engineers at Aveo’s Research and 
Advanced Development Division have met 
this problem by designing a versatile 
high-intensity acoustic noise generator. 
Based on electromagnetic principles, 

it creates noise environments of the 

same frequency spectra as rocket 

or jet engines. 


This successful effort is now part of 

the division’s complete environmental 
testing laboratory, where it is producing 
information for Avco scientists and 
engineers responsible for ICBM nose cones 


Acoustic noise work is one of the many 
development programs that proceed 
simultaneously with theoretical and 
applied research at RAD. The mutual 
stimulation of scientists and engineers 
in many disciplines occurs naturally 

at Avco, where the search for new 
knowledge and its application 

go forward under one roof. 


Research and Advanced Development is 
more than a descriptive title at Avco. 
It ts a concept that promotes creativity. 


For information on unusual career 
opportunities for exceptionally 
qualified scientists and ¢x)neers, 
write to: Dr. R. W. Johaston, 
Scientific and Technical Relations, 


Avco Research and Advanced Development Div 
hesearch and Advanced Development 201 Lowell Street, Wilmington, Mass. 





















A SIGN OF VALUE 
AROUND THE WORLD 


MICRO PROJECTION 
VIEWSCOPE 





RESEARCH MICROSCOPE 
“ZETOPAN” 


Precision Microscopes 

and 

Tuomencemeoxor  Mlcrotomes for every 
am scientific field 

since 1876 





PHASE MICROSCOPE 
“BIOZET”’ 
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“pat, App'd. for Sp | = Super-Speed 


REFRIGERATED 
CENTRIFUGE 


Fully automatic rotor acceleration 
Push button Electro-Dynamic Braking 
(smooth stopping) 

Accommodation for new continuous 
flow system* 

Automatic unbalance Electrical Safety 
trip 

Accommodates new 3 liter: capacity 
rotor (10,000 X G) 

All Lourdes’ rotors directly inter- 
changeable 

Unsurpassed refrigeration efficiency* 
Electric tachometer and. synchronous 
timer 

Complete safety controls 














Model LRA — Shown set up for 
continuous flow operation 
(Cover normally closed) 
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The model LRA is the first automatic refrigerated centrifuge of *Pat. App’d. for 
its kind. Like the non-automatic Model LR, it has the newest and 
most efficient refrigeration design ever introduced. By proper 
placement of cutouts, baffles and deflection plates, a smooth 
forced air circulation system is set up. The warm air coming off 
the rotor flows around large surface area cooling coils on the side 
and bottom of the chamber. Upon emergence in the cooled form, 
the air flows onto all portions of the rotor. This system permits 
the cooling of any Lourdes’ rotor from ambient to 0°C within ten 
minutes by spinning at slow speed. Rotor temperatures are easily 
maintained at O0°C and lower during full speed extended runs, 
and as low as —15°C at lesser speeds or for shorter runs. 


By merely throwing a toggle switch, a 1 Hp. motor automa- 
tically accelerates any rotor to a pre-set speed . Lourdes’ electro- 
dynamic push-button braking system provides for smooth rotor 
stopping in a fraction of unbraked stopping time. A time delay 
relay releases the braking action at slow speed and permits the 
rotor to stop naturally without disturbing the sediment. This same 
centrifuge is now available with a 4% Hp. motor drive (Model 
LRA-1) to provide higher speed and force with the smaller rotors. 


Each centrifuge comes adapted to accommodate the new 
Lourdes’ continuous flow system at no additional cost. The con- 
tinuous flow rotors with polyethylene liners, in addition to ease of 
operation, assembly and disassembly, also offer fast flow rate, 
high speed and force and greater collection capacity than any 
comparable continuous flow centrifuge. New time saving ap- 
plications for these rotors are being discovered daily. 


Every Lourdes’ instrument is guaranteed for a period of one 
year and this guarantee insures customer satisfaction. 


Write for New General Catalog refer to $-10-8 


Catalog includes: 


® Refrigerated centrifuges* 

@ Non-Refrigerated centrifuges 

@ Automatic Centrifuges 

@ Non Automatic centrifuges 

® Continuous flow centrifuges* 

@ Rotor data 

@ Multimixer—All purpose homogenizer 
@ Volumixer—Large capacity homogenizer 
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Write for detailed Viso-Scope folder, showing typical 
interconnection with other instruments . .. or complete 
catalog of more than 20 Sanborn instruments for bio- 
physical research, 
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SANBORN 


MODEL 169A 
@ 
iso-Scope 


HIs precision Sanborn cathode ray oscilloscope pre- 
5 ear the physiologic waveform under study as a 
bright, sharp, long-duration trace on its 5” screen—with 
provision for enlarging trace, instantaneous selection of 
25, 50 or 100 mm/sec. sweep speeds, and photographing 
trace with typical ’scope cameras. Routine operation 
involves the use of only four controls, including focus, 
scale and trace brightness. ) 
Applications indicated by the four small illus. 
trations typify the Viso-Scope’s compatible versatility 
with other Sanborn instruments, for monitoring in place 
of (or supplementing) recording. They include: (1) 
single-channel monitoring of an ECG or another physio- 
logic event in conjunction with a Sanborn Electrocardio- 
graph; (2) simultaneous monitoring of up to four events, 
by means of the Electronic Switch and 4-channel Record- 
ing System; all waveforms appear on screen simultane- 
ously; (3) high deflection speed monitoring, with booster 
amplifier and Twin-Beam (photographic) Cardiette, of 
such phenomena as phonocardiograms, small animal ’car- 
diograms, high fidelity human ECG’s, etc.; and (4) 
vectorcardiography, with the Vector Amplifier—with se- 
lection of any 7 conventional ECG leads, 3 tetrahedral 
or 3 cube vector leads. (Special modifications can provide 
for Frank, Schmitt, or other “systems”, at additional 
cost.) 
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New PRES-sure clip seals PYREX stopcocks 
against pressure and vacuum 


Now you can get stopcocks that seal 
tight enough for pressure and mod- 
erate high-vacuum work—at no more 
than standard stopcock price! 

The new clip shown above holds the 
plug firmly against the body to prevent 
leakage across the bore, or out the top 
or bottom. 

Even with this firm sealing you have 
no trouble valving, since the clip does 
not affect the plug’s rotation. 


Four more good reasons to 
insist on PYREX stopcocks 
1. Wide choice of designs. Including 


straight bore, three-way with solid 
stopper; three-way “T”; two-way mer- 
cury seal; high-vacuum type with offset 
side arms. 


2. Rugged design. Molded bodies and 
extra heavy sidearm tubes are accu- 
rately joined. Glass at this juncture is 
reworked into unusually heavy seals. 


3.Precision grinding. Stopcock bodies 
and stoppers are precision ground to 
minimize leakage and freezing. All 
popular sizes are ¥ interchangeable. 


4. PYREX brand Glass No. 7740. 
Resistant to chemical, mechanical and 


PYREX’ laboratory ware 


. . . the tested tool of modern research 
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thermal shocks. Easily sealed to any 
Pyrex brand Tubing or Apparatus. 

Insist on the extras you get in PYREX 
Labware—the borosilicate line that has 
been continually developed, expanded 
and improved for over forty years. 

The next time you need a stopcock, 
order Pyrex brand from your lab deal- 
er. You'll get this additional PREs-sure 
clip value at no extra cost. 


CORNING GLASS WORKS 
y 75-11 Crystal Street, Corning, N.Y. 


Corning meand research it Clas 
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Reproducible measurement depends on power supply stability. . . 


TMC Mode! HV-4A Photomultiplier Power Supply 





here’s 0.02% PER DAY STABILITY 
...With continuously variable output 


Only when the applied voltage is extremely stable and well regulated are photo- 
multipliers capable of precision operation. With a 0.02% per day stability and line 
regulation of 0.005% for a 10% change, the TMC Model HV-4A Power Supply 
makes possible such operation, and eliminates pulse shifting across the amplifier 
output range — often the cause of poor spectrometer readings. 


Output voltage continuously variable 500-1600 volts Greater operating convenience 

Output from 500 to 1600 volts is selected by setting three Design and performance features of the HV-4A include: 
calibrated controls — hundreds, tens, units— to the de- potentiometer terminals for comparing output voltage 
sired output. The controls are extremely accurate —true against a standard cell . . . dual output connectors... 
output will be within +0.5% of selected voltage. This corona-free operation even at high altitudes... front panel 
also permits accurate resetting of outputs. Ripple and height only 5144"... individual case or rack mounting. 
noise are 6 mv. R.M.S. maximum. 


Economy 


No warm-up surge Model HV-4A . . . . . $865 F.0.B. New Haven 


Delicate instruments are protected against sudden un- 


regulated voltage surges during warm-up. The HV-4A OTHER PRECISION TMC INSTRUMENTS INCLUDE: 
output increases and reaches the set voltage without pulse height analyzers — amplifiers — scalers — ratemeters — 
overshoot. 


detectors — liquid phosphor counters — complete spectrometer 
systems. 


TECHNICAL MEASUREMENT CORPORATION | 


POeeRUCPOUCTOOCSOOCOSOSS OIC errr) 


140 STATE STREET, NEW HAVEN, CONNECTICUT. 


For complete data on the HV-4A Power Supply 
and other instruments write: 
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Sensors Aloft 


“The greatest invention of the nineteenth century was the invention of 
the method of invention. . . . One element in the method is just the discov- 
ery of how to set about bridging the gap between the scientific ideas, and 
the ultimate product.” 

We know of no better illustration of the validity of Whiteheads’ state- 
ments (quoted above from Science in the Modern World) than that offered 
by the development of instruments to explore outer space. With satellites 
in orbit and the recent spectacular flight of the Pioneer in mind, it is hard 
to realize that the decision to attempt such launchings during the Inter- 
national Geophysical Year was made at a conference in Rome as recently 
as 1954 and that detailed plans for going ahead with a space program in 
this country were not formulated till 1955. 

The designers of the satellites were faced with novel problems of propul- 
sion, guidance, and communication. They had to design instruments to 
withstand rapid acceleration, wide temperature fluctuations, and periodic 
and random vibrations as well as unknown environmental variations. More- 
over, the instruments had to be unprecedentedly light in weight. Rocket 
experiments, begun in a systematic way in 1946, had laid the groundwork 
for instrument design and had shown what kind of information about tem- 
perature, radiation, magnetic fields, and so on, might be procured by satel- 
lites, but these experiments had not been severely limited by the problem of 
weight. A rocket could carry 40 pounds or more of instruments into the upper 
atmosphere for a single experiment which might last only a few minutes. 
The satellite designers, on the other hand, had to plan to reduce the weight 
of the instruments to a few pounds at most and to provide enough power 
for them to operate for weeks rather than for minutes. They had to work 
against a severe time limit and had to have a superb confidence in their 
ability to bridge “the gap between scientific ideas, and the ultimate prod- 
uct.” A choice had to be made, for example, between designing a transmit- 
ter with radio tubes or wtih transistors. The designers were certain at that 
time that tubes would give enough power, but uncertain about the perform- 
ance of transistors. But transistors would be both lighter and more rugged 
than tubes, so they gambled upon their ability to improve them in time to 
meet the need. A similar choice had to be made between batteries and 
solar energy converters. In this case the Vanguard planners made a con- 
servative choice and selected batteries for the first experiments, because 
unsolved problems of solar converters seemed to make their use too great a 
gamble. As an indication of the rapid progress in instrument design, a 
satellite now in orbit, the experimental Vanguard, which was launched 
last March, still faithfully transmits signals whenever it moves out of the 
earth’s shadow and into the brilliant sunshine of interplanetary space. Had 
it depended upon storage batteries rather than solar energy for power, its 
voice would have long since been stilled. 

The miles of magnetic tape now accumulating testify to the spectacular 
success of the designers in developing light-weight, rugged instrument sys- 
tems for satellites and the moon probe. The whole point of the effort is of 
course to get sensing elements (or sensors, in the language of the space engi- 
ners) into space and to hook them to amplifying and transmitting systems 
that will get messages back to earth in an interpretable form. Already, as 
any attentive reader of the popular press knows, much has been discovered 
about the earth’s magnetic field, ultraviolet radiation, the radiation belt of 
intense x-rays, and so on. 

With the flight of the Pioneer more than one-fourth of the way to the 
moon, the second year of the Space Age is off to a promising start. Who 
can doubt that improvement in rocketry and instrumentation will lead to 
the further and further extension of man’s knowledge of the universe? 


G.DuS. 
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(Complete Triocular Microscope, or interchangeable Triocular 
body, available in B&L Dynoptic Laboratory and Research 
Microscope models. ) 
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BETTER 
THAN 
TWO 


IN PHOTOMICROGRAPHY, 


for-example, when the third eye iis 
that_of the camera, the new B&L 
Triocular Microscope quickly gives 
visual and photographic results in 
sharp detail and vivid contrast. 
Combines comfortable binocular 
vision with a photographic tube; 
you scan, orient and focus in the 
usual way. To take a picture, just 
glance at the Camera Viewer for 
touch-up focus and CLICK! That’s 
all there is to it! You photograph 
what you see—and you see today’s 
brightest images. 





IN CONSULTATION, 


the B&L Triocular lets you and a 
colleague study the same subject, 
through the same microscope, at the 
same time. And you can get ample 
light for simultaneous viewing of 
normally hard-to-see images: phase 
contrast, dark-field, deeply stained 
specimens. You’ve got everything 
you need, right on the spot, for 
daily, practical applications rang- 
ing from instruction to research 
collaboration, 
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Teaching Machines 


From the experimental study of learning come devices 


which arrange optimal conditions for self-instruction. 


There are more people in the world 
than ever before, and a far greater part 
of them want an education. The demand 
cannot be met simply by building more 
schools and training more teachers. Edu- 
cation must become more efficient. To 
this end curricula must be revised and 
simplified, and textbooks and classroom 
techniques improved. In any other field a 
demand for increased production would 
have led at once to the invention of la- 
bor-saving capital equipment, Education 
has reached this stage very late, possibly 
through a misconception of its task. 
Thanks to the advent of television, how- 
ever, the so-called audio-visual aids are 
being reexamined. Film projectors, te!e- 
vision sets, phonographs, and tape re- 
corders are finding their way. into Amer- 
ican schools and colleges. 

Audio-visual aids supplement and may 
even supplant lectures, demonstrations, 
and textbooks. In doing so they serve 
one function of the teacher: they pre- 
sent material to the student and, when 
successful, make it so clear and interest- 
ing that the student learns. There is an- 
other function to which they contribute 
little or nothing. It is best seen in the 
productive interchange between teacher 
and student in the small classroom or 
tutorial situation. Much of that inter- 
change has already been sacrificed in 
American education in order to teach 
large numbers of students. There is a 
real danger that it will be wholly ob- 
scured if use of equipment designed sim- 





Dr. Skinner is Edgar Pierce professor of psychol- 
ogy in Harvard University, Cambridge, Mass. 
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ply to present material becomes wide- 
spread. The student is becoming more 
and more a mere passive receiver of in- 
struction. 


Pressey’s Teaching Machines 


There is another kind of capital equip- 
ment which will encourage the student 
to take an active role in the instructional 
process. The possibility was recognized 
in the 1920’s, when Sidney L. Pressey 
designed several machines for the auto- 
matic testing of intelligence and infor- 
mation. A recent model of one of thee 
is shown in Fig. 1. In using the device 
the student refers to a numbered item in 
a multiple-choice test. He presses the 
button corresponding to his first choice 
of answer. If he is right, the device 
moves on to the next item; if he is wrong, 
the error is tallied, and he must continue 
to make choices until he is right (/). 
Such machines, Pressey pointed out (2), 
could not only test and score, they could 
teach. When an examination is corrected 
and returned after a delay of many 
hours or days, the student’s behavior is 
not appreciably modified. The immedi- 
ate report supplied by a self-scoring de- 
vice, however, can: have an important 
instructional effect. Pressey also pointed 
out that such machines would increase 
efficiency in another way. Even in a small 
classroom the teacher usually knows that 
he is moving too slowly for some students 
and too fast for others. Those who could 
go faster are penalized, and. those who 


should go slower are poorly taught and 
unnecessarily punished by criticism and 
failure. Machine instruction would per- 
mit each student to proceed at his own 
rate. 

The “industrial revolution in educa- 
tion” which Pressey envisioned stub- 
bornly refused to come abet. In 1932 
he expressed his disappointment (3). 
“The problems of invention are rela- 
tively simple,” he wrote. “With a little 
money and engineering resource, a great 
deal could easily be done. The writer 
has found from bitter experience that 
one person alone can accomplish rela- 
tively little and he is regretfully drop- 
ping further work on these problems. 
But he hopes that enough may have 
been done to stimulate other workers, 
that this fascinating field may be devel- 
oped.” 

Pressey’s machines succumbed in part 
to cultural inertia; the world of educa- 
tion was not ready for them. But they 
also had limitations which probably con- 
tributed to their failure. Pressey was 
working against a background of psycho- 
logical theory which had not come to 
grips with the learning process. The 
study of human learning was dominated 
by the “memory drum” and similar de- 
vices originally designed to study forget- 
ting. Rate of learning was observed, but 
little was done to change it. Why the 
subject of such an experiment: bothered 
to learn at all was of little interest. “Fre- 
quency” and “recency” theories of learn- 
ing, and principles of “massed and spaced 
practice,” concerned the cenditions un- 
der which responses were remembered. 

Pressey’s machines were designed 
against this theoretical background. As 
versions of the memory drum, they were 
primarily testing devices. They were to 
be used after some amount of learning 
had already taken place elsewhere. By 
confirming. correct responses and by 
weakening responses which should not 
have been acquired, a_ self-testing ma- 
chine does, indeed, teach; but it is not 
designed primarily for that purpose. 
Nevertheless, Pressey Seems to have been 
the first to emphasize the importance of 
immediate feedback in education and to 
propose a system in which each student 
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could move at his own pace. He saw the 
need for capital equipment in realizing 
these objectives. Above all-he conceived 
of a machine which (in contrast with the 
audio-visual aids which were beginning 
to be:developed) permitted the student 
to play an active role. 


Another Kind of Machine 


The learning process is now much bet- 
ter understood. Much of what we know 
has come from studying the behavior of 
lower organisms, but the results hold 
surprisingly well for human subjects. 
The emphasis in this research has not 
been on proving or disproving theories 
but on discovering and controlling the 
variables of which learning is a function. 
This practical orientation has paid off, 
for a surprising degree of control has 
been achieved. By arranging appropriate 
“contingencies of reinforcement,” specific 
forms of behavior can be set up and 
brought under the control of specific 
classes of stimuli. The resulting behavior 
can be maintained in strength for long 
periods of time. A technology based on 
this work has already been put to use in 
neurology, pharmacology, nutrition, psy- 
chophysics, psychiatry, and elsewhere 

4). 

The analysis is also relevant to edu- 


cation. A student is “taught” in the sense 
that he is induced to engage in new 
forms of behavior and in specific forms 
upon specific occasions. It is not merely 
a matter of teaching him what to do; 
we are as much concerned with the prob- 





Fig. 1. Pressey’s self-testing machine. The device directs the student to a particular item 
in a multiple-choice test. The student presses the key corresponding to his choice of 
answer. If his choice is correct, the device advances to the next item. Errors are totaled. 
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ability that appropriate behavior will, in- 
deed, appear at the proper time—an 
issue which would be classed tradition- 
ally under motivation. In education the 
behavior to be shaped and maintained 
is usually verbal, and it is to be brought 
under the control of both verbal and 
nonverbal stimuli. Fortunately, the spe- 
cial problems raised by verbal behavior 
can be submitted to a similar analysis 
(3): 

If our current knowledge of the ac- 
quisition and maintenance of verbal be- 
havior is to be applied to education, 
some sort of teaching machine is needed. 
Contingencies of reinforcement which 
change the behavior of lower organisms 
often cannot be arranged by hand; rather 
elaborate apparatus is needed. The hu- 
man organism requires even more subtle 
instrumentation. An appropriate teach- 
ing machine will have several important 
features. The student must compose his 
response rather than select it from a set 
of alternatives, as in a multiple-choice 
self-rater. One reason for this is that we 
want him to recall rather than recognize 
—to make a response as well as see that 
it is right. Another reason is that effec- 
tive multiple-choice material must con- 
tain plausible wrong responses, which 
are out of place in the delicate process 
of “shaping” behavior because they 
strengthen unwanted forms. Although it 
is much easier to build a machine to 
score multiple-choice answers than to 
evaluate a composed response, the tech- 
nical advantage is outweighed by these 
and other considerations. 

A second requirement of a minimal 





teaching machine also distinguishes it 
from earlier versions. In acquiring com- 
plex behavior the student must pass 
through a carefully designed sequence 
of steps, often of considerable length. 
Each step must be so small that it can 
always be taken, yet in taking it the stu- 
dent moves somewhat closer to fully 
competent behavior. The machine must 
make sure that these steps are taken in 
a carefully prescribed order. 

Several machines with the required 
characteristics have been built and 
tested. Sets of separate presentations or 
“frames” of visual material are stored 
on disks, cards, or tapes. One frame is 
presented at a time, adjacent frames be- 
ing out of sight. In one type of machine 
the student composes a response by mov- 
ing printed figures or letters (6). His set- 
ting is compared by the machine with a 
coded response. If the two correspond, 
the machine automatically presents the 
next frame. If they do not, the response is 
cleared, and another must be composed. 
The student cannot proceed to a second 
step until the first has been taken. A 
machine of this kind is being tested in 
teaching spelling, arithmetic, and other 
subjects in the lower grades. 

For more advanced students—from 
junior high school, say, through college 
—a machine which senses an arrange- 
ment of letters or figures is unnecessarily 
rigid in specifying form of response. 
Fortunately, such students may be asked 
to compare their responses with printed 
material revealed by the machine. In the 
machine shown in Fig. 2, material is 
printed in 30 radial frames on a 12-inch 
disk. The student inserts the disk and 
closes the machine. He cannot proceed 
until the machine has been locked, and, 
once he has begun, the machine cannot 
be unlocked. All but a corner of one 
frame is visible through a window. The 
student writes his response on a paper 
strip exposed through a second open- 
ing. By lifting a lever on the front of the 
machine, he moves what he has written 
under a transparent cover and uncovers 
the correct response in the remaining 
corner of the frame. If the two responses 
correspond, he moves the lever horizon- 
tally. This movement punches a hole in 
the paper opposite his response, record- 
ing the fact that he called it correct, 
and alters the machine so that the frame 
will not appear again when the student 
works around the disk a second time. 
Whether the response was correct or not, 
a second frame appears when the lever 
is returned to its starting position. The 
student proceeds in this way until he 
has responded to all frames. He then 
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works around the disk a second time, 
but only those frames appear to which 
he has not correctly responded. When 
the disk revolves without stopping, the 
assignment is finished. (The student is 
asked to repeat each frame until a cor- 
rect response is made to allow for the 
fact that, in telling him that a response 
is wrong, such a machine tells him what 
is right. ) 

The machine itself, of course, does not 
teach. It simply brings the student into 
contact with the person who composed 
the material it presents. It is a labor- 
saving device because it can bring one 
programmer into contact with an in- 
definite number of students. This may 
suggest mass production, but the effect 
upon each student is surprisingly like 
that of a private tutor. The comparison 
holds in several respects. (i) There is a 
constant interchange between program 
and student. Unlike lectures, textbooks, 
and the usual audio-visual aids, the ma- 
chine induces sustained activity. The 
student is always alert and busy. (ii) 
Like a good tutor, the machine insists 
that a given point be thoroughly under- 
stood, either frame by frame or set by 
set, before the student moves on. Lec- 
tures, textbooks, and their mechanized 
equivalents, on the other hand, proceed 
without making sure that the student 
understands and easily leave him behind. 
(iii) Like a good tutor the machine pre- 
sents just that material for which the 
student is ready. It asks him to take only 
that step which he is at the moment best 
equipped and most likely to take. (iv) 
Like a skillful tutor the machine helps 
the student to come up with the right 
answer. It does this in part through the 
orderly construction of the program and 
in part with techniques of hinting, 
prompting, suggesting, and so on, de- 
rived from an analysis of verbal. be- 
havior (5). (v) Lastly, of course, the 
machine, like the private tutor, rein- 
forces the student for every correct re- 
sponse, using this immediate feedback 
not only to shape his behavior most effi- 
ciently but to maintain it in strength in 
a manner which the layman would de- 
scribe as “holding the student’s interest.” 


Programming Material 


The success of such a machine de- 
pends on the material used in it. The 
task of programming a given subject is 
at first sight rather formidable. Many 
helpful techniques can be derived from 
a general analysis of the relevant be- 
havioral processes, verbal and nonverbal. 
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Fig. 2. Student at work on a teaching machine. One frame of material is partly visible in 
the left-hand window. The student writes his response on a strip of paper exposed at the 
right. He then lifts a lever with his left hand, advancing his written response under a 
transparent cover and uncovering the correct response in the upper corner of the frame. 
If he is right, he moves the lever to the right, punching a hole alongside the response he 
has called right and altering the machine so that that frame will not appear again when 
he goes through the series a second time. A new frame appears when the lever is returned 


to its starting position. 


Specific forms of behavior are to be 
evoked and, through differential rein- 
forcement, brought under the control of 
specific stimuli. 

This is not the place for a systematic 
review of available techniques, or of the 
kind of research which may be expected 
to discover others. However, the ma- 
chines themselves cannot be adequately 
described without giving a few examples 
of programs. We may begin with a set 
of frames (see Table 1) designed to 
teach a third- or fourth-grade pupil to 
spell the word manufacture. The six 
frames are presented in the order shown, 
and the pupil moves sliders to expose 
letters in the open squares. 

The word to be learned appears in 
bold face in frame 1, with an example 
and a simple definition. The pupil’s first 
task is simply to copy it. When he does 
so correctly, frame 2 appears. He must 
now copy selectively: he must identify 
“fact” as the common part of “manu- 
facture” and “factory.” This helps him 
to spell the word and also to acquire a 


separable “atomic” verbal operant (5). 
In frame 3 another root must be copied 
selectively from “manual.” In frame 4 
the pupil must for the first time insert 
letters without copying. Since he is asked 
to insert the same letter in two places, a 
wrong response will be doubly conspicu- 
ous, and the chance of failure is thereby 
minimized. The same principle governs 
frame 5. In frame 6 the pupil spells the 
word to complete the sentence used as 
an example in frame 1. Even a poor stu- 
dent is likely to do this correctly because 
he has just composed or completed the 
word five times, has made two impor- 
tant root-responses, and has learned that 
two letters occur in the word twice. He 
has probably learned to spell the word 
without having made a mistake. 
Teaching spelling is mainly a process 
of shaping complex forms of behavior. 
In other subjects—for example, arith- 
metic—responses must be brought under 
the control of appropriate stimuli. Un- 
fortunately the material which has been 
prepared for teaching arithmetic (7) 
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Table 1. A set of frames designed to teach a third- or fourth-grade pupil to spell the word 


manufacture. 





word here: 





1. Manufacture means to make or build. Chair factories manufacture chairs. Copy the 


BD fy 


2. Part of the word is like part of the word factory. Both parts come from an old word 


meaning make or build. 


manu(]/OD OUMure 


3. Part of the word is like part of the word manual. Both parts come from an old word 
for hand. Many things used to be made by hand. 


Ali hta<cture 


4. The same letter goes in both spaces: 


mOjnuf([cture 


5. The same letter goes in both spaces: 


man([jfact[Dre 
6. Chair factories OO OOOOOOOOD chairs. 


does not lend itself to excerpting. The 
numbers 0 through 9 are generated in 
relation to objects, quantities, and scales. 
The operations of addition, subtraction, 
multiplication, and division are thor- 
oughly developed before the number 10 
is reached, In..the course of this the 
pupil composes equations and expressions 
in a great variety of alternative forms. 
He completes not only 5+4=(, but 
O+4=9, 57 4=9, and so on, aided in 
most cases by illustrative materials. No 
appeal is made to rote memorizing, even 
in the later acquisition of the tables. The 
student is expected to arrive at 9x7=63, 
not by memorizing it as he would 
memorize a line of poetry, but by put- 
ting into practice such principles as that 
nine times a number is the same as ten 
times the number minus the number 
both of these being “obvious” or al- 
ready well learned), that the digits in 
a multiple of nine add to nine, that in 
composing successive multiples of nine 
one counts backwards (nine, eighteen, 
twenty-seven, thirty-six, and so on), that 
nine times a single digit is a number be- 
ginning with one less than the digit 
nine times six is fifty something), and 
possibly even that the product of two 
numbers separated by only one number 
is equal to the square of the separating 
number minus one (the square of eight 
already being familiar from a special 
series of frames cencerned with squares). 

Programs of this sort run to great 
length. At five or six frames per word, 
four grades of spelling may require 
20,000 or 25,000 frames, and three or 
four grades of arithmetic, as many again. 
If these figures seem large, it is only be- 
cause we are thinking of the normal 
contact between teacher and pupil. Ad- 
mittedly, a teacher cannot supervise 
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10,000 or 15,000 responses made by each 
pupil per year. But the pupil’s time is 
not so limited. In any case, surprisingly 
little time is needed. Fifteen minutes per 
day on a machine should suffice for 
each of these programs, the machines 
being free for other students for the rest 
of each day. (It is probably because 
traditional methods are so_ inefficient 
that we have been led to suppose that 
education requires such a_ prodigious 
part of a young person’s day.’ 

A simple technique used in program- 
ming material at the high-school or col- 
lege level, by means of the machine 
shown in Fig. 2, is exemplified in teach- 
ing a student to recite a poem, The first 
line is presented with several unimpor- 
tant letters omitted. The student must 
read the line “meaningfully” and sup- 
ply the missing letters. The second, 
third, and fourth frames present suc- 
ceeding lines in the same way. In the 
fifth frame the first line reappears with 
other letters also missing. Since the stu- 
dent has recently read the line, he can 
complete it correctly. He does the same 
for the second, third, and fourth lines. 
Subsequent frames are increasingly in- 
complete, and eventually—say, after 20 
or 24 frames—the student reproduces 
all four lines without external help, and 
quite possibly without having made a 
wrong response. The technique is simi- 
lar to that used in teaching spelling: re- 
sponses are first controlled by a text, but 
this is slowly reduced (colloquially, 
“vanished” ) until the responses can be 
emitted without a text, each member in 
a series of responses being now under 
the “intraverbal” control of other mem- 
bers. 

“Vanishing” can be used in teaching 
other types of verbal behavior. When a 


student describes the geography of part 
of the world or the anatomy of part of 
the body, or names plants and animals 
from specimens or pictures, verbal re- 
sponses are controiled by nonverbal 
stimuli. In setting up such behavior the 
student is first asked to report features 
of a fully labeled map, picture, or ob- 
ject, and the labels are then vanished. 
In teaching a map, for example, the 
machine asks the student to describe 
spatial relations among cities, countries, 
rivers, and so on, as shown on a fully 
labeled map. He is then asked to do the 
same with a map in which the names are 
incomplete or, possibly, lacking. Even- 
tually he is asked to report the same 
relations with no map at all. If the ma- 
terial has been well programmed, he 
can do so correctly. Instruction is some- 
times concerned not so much with im- 
parting a new repertoire of verbal re- 
sponses as with getting the student to 
describe something accurately in any 
available terms. The machine can “make 
sure the student understands”: a graph, 
diagram, chart, or picture by asking 
him to identify and explain its features 
—correcting him, of course, whenever he 
is wrong. 

In addition to charts, maps, graphs, 
models, and so on, the student may have 
access to auditory material. In learning 
to take dictation in a foreign language, 
for example, he selects a short passage 
on an indexing phonograph according 
to instructions given by the machine. He 
listens to the passage as often as neces- 
sary and then transcribes it. The ma- 
chine then reveals the correct text. The 
student may listen to the passage again 
to discover the sources of any error. The 
indexing phonograph may also be used 
with the machine to teach other lan- 
guage skills, as well as telegraphic code, 
music, speech, parts of literary and dra- 
matic appreciation, and other subjects. 

A typical program combines many of 
these functions. The set of frames shown 
in Table 2 is designed to induce the stu- 
dent of high-school physics to talk in- 
telligently, and to some extent techni- 
cally, about the emission of light from 
an incandescent source. In using the 
machine the student will write a word 
or phrase to complete a given item and 
then uncover the corresponding word or 
phrase shown here in the column at the 
right. The reader who wishes to get the 
“feel” of the material should cover the 
right-hand column:with a card, uncov- 
ering each line only after he has com- 
pleted the corresponding item. 

Several programming techniques are 
exemplified by the set of frames in 
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Table 2. Part of a program in high-school physics. The machine presents one item at a time. The student completes the item and then 


uncovers the corresponding word or phrase shown at the right. 






































Word to be 
Sentence to be completed supplied 
1. The important parts of a flashlight are the battery and the bulb. When we “turn on” a flashlight, we close a 
switch which connects the battery with the : bulb 
2. When we turn on a flashlight, an electric current flows through the fine wire in the —— and causes it to grow 
hot. bulb 
3. When the hot wire glows brightly, we say that it gives off or sends out heat and : light 
The fine wire in the bulb is called a filament. The bu'b “lights up” when the filament is heated by the passage 
of a(n) current. electric 
5. When a weak battery produces little current, the fine wire. or ——, does not get very hot. filament 
6. A filament which is less hot sends out or gives off —— light. less 
7. “Emit” means “send out.” The amount of light sent out, or “emitted,” by a filament depends on how —— the 
filament is. hot 
8. The higher the temperature of the filament the —— the light emitted by it. brighter, 
stronger 
9. If a flashlight battery is weak, the ——— in the bulb may still glow, but with only a dull red color. filament 
10. The light from a very hot filament is colored yellow or white. The light from a filament which is not very hot 
is colored ——. red 
11. A blacksmith or other metal worker sometimes makes sure that a bar of iron is heated to a “cherry red” before 
hammering it into shape. He uses the —— of the light emitted by the bar to tell how hot it is. color 
12. Both the color and the amount of light depend on the +— of the emitting filament or bar. temperature 
13. An object which emits light because it is hot is called “incandescent.” A flashlight bulb is an incandescent source 
of light 
14. A neon tube emits light but remains cool. It is, therefore, not an incandescent of light. source 
15. A candle flame is hot. It is a(n) source of light. incandescent 
16. The hot wick of a candle gives off small pieces or particles of carbon which burn in the flame. Before or while 
burning, the hot particles send out, or , light. emit 
17. A long candlewick produces a flame in which oxygen does not reach all the carbon particles. Without oxygen 
the particles cannot burn. Particles which do not burn rise above the flame as smoke 
18. We can show that there are particles of carbon in a candle flame, even when it is not smoking, by holding a 
piece of metal in the flame. The metal cools some of the particles before they burn, and the unburned carbon 
— collect on the metal as soot. particles 
19. The particles of carbon in soot or smoke no longer emit light because they are than when they were in 
the flame. cooler, colder 
20. The reddish part of a candle flame has the same color as the filament in a flashlight with a weak battery. We 
might guess that the yellow or white parts of a candle flame are than the reddish part. hotter 
21. “Putting out” an incandescent electric light means turning off the current so that the filament grows too —— 
to emit light. cold, cool 
22. Setting fire to the wick of an oil lamp is called ——— the lamp. lighting 
23. The sun is our principal —— of light, as well as of heat. source 
24. The sun is not only very bright but very hot. It is a powerful —— source of light. incandescent 
25. Light is a form of energy. In “emitting light” an object changes, or “converts,” one form of into another. energy 
26. The electrical energy supplied by the battery in a flashlight is converted to and heat, light; 
light, heat 
27. If we leave a flashlight on, all the energy stored in the battery will finally be changed or into heat and light. converted 
28. The light from a candle flame comes from the released by chemical changes as the candle burns. energy 
29. A nearly “dead” battery may make a flashlight bulb warm to the touch, but the filament may still not be hot 
enough to emit light—in other words, the filament will not be at that temperature. incandescent 
30. Objects, such as a filament, carbon particles, or iron bars, become incandescent when heated to about 800 de- 
grees Celsius. At that temperature they begin to ——- ——. emit light 
31. When raised to any temperature above 800 degrees Celsius, an object such as an iron bar will emit light. Al- 
though the bar may melt or vaporize, its particles will be —— no matter how hot they get. incandescent 
32. About 800 degrees Celsius is the lower limit of the temperature at which particles emit light. There is no upper 
limit of the at which emission of light occurs. temperature 
33. Sunlight is by very hot gases near the surface of the sun. emitted 
34, Complex changes similar to an atomic explosion generate the great heat which explains the of light by 
the sun. emission 
35. Below about degrees Celsius an object is not an incandescent source of light. 800 
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Table 2. Technical terms are introduced 
slowly. For example, the familiar term 
“fine wire” in frame 2 is followed by a 
definition of the technical’ term “fila- 
ment” in frame 4; “filament” is then 
asked for in the presence of the non- 
scientific synonym in frame 5 and with- 
out the synonym in frame 9. In the same 
way “glow,” “give off light,” and “send 
out light” in early frames are followed 
by a definition of “emit” with a synonym 
in frame 7. Various inflected forms of 
“emit” then follow, and “emit” itself is 
asked for with a synonym in frame 16. 
It is asked for without a synonym but in 
a helpful phrase in frame 30, and 
“emitted” and “emission” are asked for 
without help in frames 33 and 34. 
The relation between temperature and 
amount and color of light is developed 
in several frames before a formal state- 
ment using the word “temperature” is 
asked for in frame 12. “Incandescent” is 
defined and used in frame 13, is used 
again in frame 14, and is asked for in 
frame 15, the student receiving a the- 
matic prompt from the recurring phrase 
“incandescent source of light.” A for- 
mal prompt is supplied by “candle.” 
In frame 25 the new response “energy” 
is easily evoked by the words “form 
of ....” because the expression “form 
of energy” is used earlier in the frame. 
“Energy” appears again in the next two 
frames and is finally asked for, without 
aid, in frame 28, Frames 30 through 35 
discuss the limiting temperatures of in- 
candescent objects, while reviewing sev- 
eral kinds of sources, The figure 800 is 
used in three frames. Two intervening 
frames then permit some time to pass 
before the response “800” is asked for. 

Unwanted responses are eliminated 
with special techniques. If, for example, 
the second sentence in frame 24 were 
simply “It is a(n) source of light,” 
the two “very’s” would frequently lead 
the student to fill the blank with 
“strong” or a synonym thereof. This is 
prevented by inserting the word “pow- 
erful” to make a synonym redundant. 
Similarly, in frame 3 the words “heat 
and” preempt the response “heat,” 
which would otherwise correctly fill the 
blank. 

The net effect of such material is more 
than the acquisition of facts and terms. 
Beginning with a largely unverbalized 
acquaintance with flashlights, candles, 
and so on, the student is induced to talk 
about familiar events, together with a 
few new facts, with a fairly technical 
vocabulary. He applies the same terms 
to facts which he may never before have 
seen to be similar. The emission of light 
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Fig. 3. Self-instruction room in Sever Hall at Harvard. Ten booths contain teaching ma- 
chines, some equipped with indexing phonographs. 


from an incandescent source takes shape 
as a topic or field of inquiry. An under- 
standing of the subject emerges which 
is often quite surprising in view of the 
fragmentation required in item building. 

It is not easy to construct such a pro- 
gram. Where a confusing or elliptical 
passage in a textbook is forgivable be- 
cause it can be clarified by the teacher, 
machine material must be self-contained 
and wholly adequate. There are other 
reasons why textbooks, lecture outlines, 
and film scripts are of little help in pre- 
paring a program. They are usually not 
logical or developmental arrangements 
of material but strategems which the 
authors have found successful under ex- 
isting classroom conditions. The exam- 
ples they give are more often chosen to 
hold the student’s interest than to clarify 
terms and principles. In composing ma- 
terial for the machine, the programmer 
may go directly to the point. 

A first step is to define the field. A 
second is to collect technical terms, 
facts, laws, principles, and cases. These 
must then be arranged in a plausible de- 
velopmental order—linear if possible, 
branching if necessary. A mechanical 
arrangement, such as a card filing sys- 
tem, helps. The material is distributed 
among the frames of a program to 
achieve an arbitrary density. In the final 
composition of an item, techniques for 
strengthening asked-for responses and 
for transferring control from one vari- 
able to another are chosen from a list 
according to a given schedule in order 


to prevent the establishment of irrelevant 
verbal tendencies appropriate to a single 
technique. When one set of frames has 
been composed, its terms and facts are 
seeded mechanically among succeeding 
sets, where they will again be referred to 
in composing later items to make sure 
that the earlier repertoire remains ac- 
tive. Thus, the technical terms, facts, and 
examples in Table 2 have been distrib- 
uted for reuse in succeeding sets on re- 
flection, absorption, and transmission, 
where they are incorporated into items 
dealing mainly with other matters. Sets 
of frames for explicit review can, of 
course, be constructed, Further research 
will presumably discover other, possibly 
more effective, techniques. Meanwhile, 
it must be admitted that a considerable 
measure of art is needed in composing 
a successful program. 

Whether good programming is to re- 
main an art or to become a scientific 
technology, it is reassuring to know that 
there is a final authority—the student. 
An unexpected advantage of machine 
instruction has proved to be the feedback 
to the programmer. In the elementary 
school machine, provision is made for 
discovering which frames commonly 
yield wrong responses, and in the high- 
school and college machine the paper 
strips bearing written answers are avail- 
able for analysis. A trial run of the first 
version of a program quickly reveals 
frames which need to be altered, or se- 
quences which need to be lengthened. 
One or two revisions in the light of a 
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few dozen responses work a great im- 
provement. No comparable feedback is 
available to the lecturer, textbook writer, 
or maker of films. Although one text or 
film may seem to be better than another, 
it is usually impossible to say, for ex- 
ample, that a given sentence on a given 
page or a particular sequence in a film 
is causing trouble. 

Difficult as programming is, it has its 
compensations. It is a salutary thing to 
try to guarantee a right response at every 
step in the presentation of a subject mat- 
ter. The programmer will usually find 
that he has been accustomed to leave 
much to the student—that he has fre- 
quently omitted essential steps and neg- 
lected to invoke relevant points. The re- 
sponses made to his material may reveal 
surprising ambiguities. Unless he _ is 
lucky, he may find that he still has 
something to learn about his subject. He 
will almost certainly find that he needs 
to learn a great deal more about the be- 
havioral changes he is trying to induce 
in the student. This effect of the ma- 
chine in confronting the programmer 
with the full scope of his task may in 
itself produce a considerable improve- 
ment in education. 

Composing a set of frames can be an 
exciting exercise in the analysis of knowl- 
edge. The enterprise has obvious bear- 
ings on scientific methodology. There 
are hopeful signs that the epistemologi- 
cal implications will induce experts to 
help in composing programs. The expert 
may be interested for another reason. 
We can scarcely ask a topflight mathe- 
matician to write a primer in second- 
grade arithmetic if it is to be used by 
the average teacher in the average class- 
room. But a carefully controlled ma- 
chine presentation and the resulting im- 
mediacy of contact between programmer 
and student offer a very different: pros- 
pect, which may be enough to induce 
those who know most about the subject 
to give some thought to the nature of 
arithmetical behavior and to the various 
forms in which such behavior should be 
set up and tested. 


Can Material Be Too Easy? 


The traditional teacher may view 
these programs with concern. He may be 
particularly alarmed by the effort to 
maximize success and minimize failure. 
He has found that students do not pay 
attention unless they are worried about 
the consequences of their work. The cus- 
tomary procedure has been to maintain 
the necessary anxiety by inducing errors. 
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In recitation, the student who obviously 
knows the answer is not too often asked; 
a test item which is correctly answered 
by everyone is discarded as nondiscrimi- 
nating; problems at the end of a section 
in a textbook in mathematics generally 
include one or two very difficult items; 
and so on. (The teacher-turned-pro- 
grammer may be surprised to find this 
attitude affecting the construction of 
items. For example, he may find it diffi- 
cult to allow an item to stand which 
“gives the point away.” Yet if we can 
solve the motivational problem with 
other means, what is more effective than 
giving a point away?) Making sure that 
the student knows he doesn’t know is a 
technique concerned with motivation, 
not with the learning process. Machines 
solve the problem of motivation in other 
ways. There is no evidence that what is 
easily learned is more readily forgotten. 
If this should prove to be the case, re- 
tention may be guaranteed by subsequent 
material constructed for an equally 
painless review. 

The standard defense of “hard” ma- 
terial is that we want to teach more than 
subject matter. The student is to be 
challenged and taught to “think.” The 
argument is sometimes little more than 
a rationalization for a confusing presen- 
tation, but it is doubtless true that lec- 
tures and texts are often inadequate and 
misleading by design. But to what end? 
What sort of “thinking” does the student 
learn in struggling through difficult ma- 
terial? It is true that those who learn 
under difficult conditions are better stu- 
dents, but are they better because they 
have surmounted difficulties or do they 
surmount them because they are better? 
In the guise of teaching thinking we set 
difficult and confusing situations and 
claim credit for the students who deal 
with them successfully. 

The trouble with deliberately making 
education difficult in order to teach 
thinking is (i) that we must remain con- 
tent with the students thus selected, even 
though we know that they are only a 
small part of the potential supply of 
thinkers, and (ii) that we must continue 
to sacrifice the teaching of subject mat- 
ter by renouncing effective but “easier” 
methods. A more sensible program is to 
analyze the behavior called “thinking” 
and produce it according to specifica- 
tions. A program specifically concerned 
with such behavior could be composed 
of material already available in logic, 
mathematics, scientific method, and psy- 
chology. Much would doubtless be added 
in completing an effective program. The 
machine has already yielded important 





relevant by-products. Immediate feed- 
back encourages a more careful reading 
of programmed material than is the case 
in studying a text, where the conse- 
quences of attention or inattention are 
so long deferred that they have little 
effect on reading skills. The behavior in- 
volved in observing or attending to de- 
tail—as in inspecting charts and models 
or listening closely to recorded speech— 
is efficiently shaped by the contingencies 
arranged by the machine. And when an 
immediate result is in the balance, a stu- 
dent will be more likely to learn how to 
marshal relevant material, to concen- 
trate on specific features of a presenta- 
tion, to reject irrelevant materials, to 
refuse the easy but wrong solution, and 
to tolerate indecision, all of which are 
involved in effective thinking. 

Part of the objection to easy mate- 
rial is that the student will come to de- 
pend on the machine and will be less 
able than ever to cope with the ineffi- 
cient presentations of lectures, textbooks, 
films, and “real life.” This is indeed a 
problem. All good teachers must “wean” 
their students, and the machine is no ex- 
ception. The better the teacher, the more 
explicit must the weaning process be. 
The final stages of a program must be 
so designed that the student no longer 
requires the helpful conditions arranged 
by the machine. This can be done in 
many ways—among others by using the 
machine to discuss material which has 
been studied in other forms. These are 
questions which can be adequately an- 
swered only by further research. 

No large-scale “evaluation” of ma- 
chine teaching has yet been attempted. 
We have so far been concerned mainly 
with practical problems in the design 
and use of machines, and with testing 
and revising sample programs. The ma- 
chine shown in Fig. 2 was built and 
tested with a grant from the Fund for 
the Advancement of Education. Mate- 
rial has been prepared and tested with 
the collaboration of Lloyd E. Homme, 
Susan R. Meyer, and James G. Holland 
(8). The self-instruction room shown in 
Fig. 3 was set up under this grant. It 
contains ten machines and was recently 
used to teach part of a course in human 
behavior to Harvard and Radcliffe un- 
dergraduates. Nearly 200 students com- 
pleted 48 disks (about 1400 frames) 
prepared with the collaboration of Hol- 
land. The factual core of the course was 
covered, corresponding to about 200 
pages of the text (9). The median time 
required to finish 48 disks was 14% 
hours. The students were not examined 
on the material but were responsible 
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for the text which overlapped it. Their 
reactions to the material and to self- 
instruction in general have been studied 
through interviews and questionnaires. 
Both the machines and the material are 
now being modified in the light of this 
experience, and a more explicit evalua- 
tion will then be made. 

Meanwhile, it can be said that the 
expected advantages of machine instruc- 
tion were generously confirmed. Unsus- 
pected possibilities were revealed which 
are now undergoing further exploration. 
Although it is less convenient to report 
to a self-instruction room than to pick 
up a textbook in one’s room or else- 
where, most students felt that they had 
much to gain in studying by machine. 
Most of them worked for an hour or 
more with little effort, although they 
often felt tired afterwards, and they re- 
ported that they learned much more in 
less time and with less effort than in con- 
ventional ways. No attempt was made to 
point out the relevance of the material 
to crucial issues, personal or otherwise, 
but the students remained interested. 

Indeed, one change in the reinforcing 
contingencies suggested by the experi- 
ment is intended to reduce the motiva- 
tional level.) An important advantage 
proved to be that the student always 
knew where he stood, without waiting 
for an hour test or final examination. 


Some Questions 


Several questions are commonly asked 
when teaching machines are discussed. 
Cannot the results of laboratory research 
on learning be used in education without 
machines? Of course they can. They 
should lead to improvements in text- 
books, films, and other teaching mate- 
rials. Moreover, the teacher who really 
understands the conditions under which 
learning takes place will be more effec- 
tive, not only in teaching subject matter 
but in managing the class. Nevertheless, 
some sort of device is necessary to ar- 
range the subtle contingencies of rein- 
forcement required for optimal learning 
if each student is to have individual at- 
tention. In nonverbal skills this is usually 
obvious; texts and instructor can guide 
the learner but they cannot arrange the 
final contingencies which set up skilled 
behavior. It is true that the verbal skills 
at issue here are especially dependent 
upon social reinforcement, but it must 
not be forgotten that the machine sim- 
ply mediates an essentially verbal rela- 
tion. In shaping and maintaining verbal 


976 


knowledge we are not committed to the 
contingencies arranged through immedi- 
ate personal contact. 

Machines may still seem unnecessarily 
complex compared with other media- 
tors such as workbooks or self-scoring 
test forms. Unfortunately, these alterna- 
tives are not acceptable. When material 
is adequately programmed, adjacent 
steps are often so similar that one frame 
reveals the response to another. Only 
some sort of mechanical presentation 
will make successive frames indepen- 
dent of each other. Moreover, in self- 
instruction an automatic record of the 
student’s behavior is especially desirable, 
and for many purposes it should be fool- 
proof. Simplified versions of the present 
machines have been found useful—for 
example, in the work of Ferster and 
Sapon, of Porter, and of Gilbert (8)— 
but the mechanical and economic prob- 
lems are so easily solved that a machine 
with greater capabilities is fully war- 
ranted. 

Will machines replace teachers? On 
the contrary, they are capital equipment 
to be used by teachers to save time and 
labor. In assigning certain mechanizable 
functions to machines, the teacher 
emerges in his proper role as an indis- 
pensable human being. He may teach 
more students than heretofore—this is 
probably inevitable if the world-wide 
demand for education is to be satisfied 
—but he will do so in fewer hours and 
with fewer burdensome chores. In re- 
turn for his greater productivity he can 
ask society to improve his economic con- 
dition. 

The role of the teacher may well be 
changed, for machine instruction will 
affect several traditional practices. Stu- 
dents may continue to be grouped in 
“grades” or “classes,” but it will be pos- 
sible for each to proceed at his own 
level, advancing as rapidly as he can. 
The other kind of “grade” will also 
change its meaning. In traditional prac- 
tice a C means that a student has a 
smattering of a whole course. But if ma- 
chine instruction assures mastery at every 
stage, a grade will be useful only in 
showing how far a student has gone. C 
might mean that he is halfway through 
a course. Given enough time he will be 
able to get an A; and since A is no longer 
a motivating device, this is fair enough. 
The quick student will meanwhile have 
picked up A’s in other subjects. 

Differences in ability raise other ques- 
tions. A program designed for the slow- 
est student in the school system will 
probably not seriously delay the fast stu- 





dent, who will be free to progress at 
his own speed. (He may profit from the 
full coverage by filling in unsuspected 
gaps in his repertoire.) If this does not 
prove to be the case, programs can be 
constructed at two or more levels, and 
students can be shifted from one to the 
other as performances dictate. If there 
are also differences in “types of think- 
ing,” the extra time available for ma- 
chine instruction may be used to present 
a subject in ways appropriate to many 
types. Each student will presumably re- 
tain and use those ways which he finds 
most useful. The kind of individual dif- 
ference which arises simply because a 
student has missed part of an essential 
sequence (compare the child who has no 
“mathematical ability” because he was 
out with the measles when fractions were 
first taken up) will simply be eliminated. 


Other Uses 


Self-instruction by machine has many 
special advantages apart from educa- 
tional institutions. Home study is an ob- 
vious case. In industrial and military 
training it is often inconvenient to sched- 
ule students in groups, and individual 
instruction by machine should be a feasi- 
ble alternative. Programs can also be 
constructed in subjects for which teach- 
ers are not available—for example, when 
new kinds of equipment must be ex- 
plained to operators and repairmen, or 
where a sweeping change in method 
finds teachers unprepared (1/0). Educa- 
tion sometimes fails because students 
have handicaps which make a normal 
relationship with a teacher difficult or 
impossible. (Many blind children are 
treated today as feeble-minded because 
no one has had the time or patience to 
make contact with them. Deaf-mutes, 
spastics, and others suffer similar han- 
dicaps.) A teaching machine can be 
adapted to special kinds of communica- 
Braille 
above all, it has infinite patience. 





tion—as, for example, and, 


Conclusion 


An analysis of education within the 
framework of a science of behavior has 
broad implications. Our schools, in par- 
ticular our “progressive’ schools, are 
often held responsible for many current 
problems—including juvenile _ delin- 
quency and the threat of a more pow- 
erful foreign technology. One remedy 
frequently suggested is a return to older 


SCIENCE, VOL. 128 





pec 
org 
Th 
fac 


ber 
tat 


a S 
if i 
cep 
ing 
sta 
im] 


has 
con 
elec 
suit 


sco 
ele 
ent 
gro 


itia 
nifi 
wh 


ver 


men 


Lab 
24 ¢ 


Si- 


10d 
ca- 
nts 
mal 
or 
are 
use 
> to 
1tes, 
nan- 
be 
1ica- 
and, 


1 the 
r has 

par- 

are 
rrent 
Jelin- 
pow- 
medy 
older 


ML. 128 





techniques, especially to a greater “dis- 
cipline” in schools. Presumably this is 
to be obtained with some form of pun- 
ishment, to be administered either with 
certain classical instruments of physical 
injury—the dried bullock’s tail of the 
Greek teacher or the cane of the English 
schoolmaster—or as disapproval or fail- 
ure, the frequency of which is to be in- 
creased by “raising standards.” This is 
probably not a feasible solution. Not 
only education but Western culture as 
a whole is moving away from aversive 
practices. We cannot prepare young 
people for one kind of life in institutions 
organized on quite different principles. 
The discipline of the birch rod may 
facilitate learning, but we must remem- 
ber that it also breeds followers of dic- 
tators and revolutionists. 

In the light of our present knowledge 
a school system must be called a failure 
if it cannot induce students to learn ex- 
cept by threatening them for not learn- 
ing. That this has always been the 
standard pattern simply emphasizes the 
importance of modern techniques. John 


Dewey was speaking for his culture and 
his time when he attacked aversive edu- 
cational practices and appealed to teach- 
ers to turn to positive and humane meth- 
ods. What he threw out should have been 
thrown out. Unfortunately he had too 
little to put in its place. Progressive edu- 
cation has been a temporizing measure 
which can now be effectively supple- 
mented. Aversive practices can not only 
be replaced, they can be replaced with 
far more powerful techniques. The pos- 
sibilities should be thoroughly explored 
if we are to build an educational system 
which will meet the present demand 
without sacrificing democratic principles. 


References and Notes 


1. The Navy’s “‘Self-Rater” is a larger version 
of Pressey’s machine. The items are printed 
on code-punched plastic cards fed by the ma- 
chine. The time required to answer is taken 
into account in scoring. 

2. S. L. Pressey, School and Society 23, 586 
(1926). 

3. ———, ibid. 36, 934 (1932). 

4. B. F. Skinner, “The experimental analysis of 
behavior,” Am. Scientist 45, 4 (1957). 

, Verbal Behavior (Appleton-Century- 

Crofts, New York, 1957). 

—, “The science of learning and the art 








The Microfluoroscope 


An x-ray microscope for direct visual or photometric 


measurements in biological specimens is described. 


The x-ray microscope in several forms 
has become increasingly valuable as a 
complementary instrument to light and 
electron microscopes. It is especially 
suited to quantitative in situ measurc- 
ments of the mass or thickness of micro- 
scopic structures, and to specific types of 
elementary microchemical analysis. Pres- 
ent methods of x-ray microscopy may be 
grouped into four classes: (i) contact 
methods in which the x-ray image is in- 
itially recorded or detected at unity mag- 
nification, (ii) true focusing systems in 
which mirrors produce images by con- 
vergent x-rays, (iii) 


point-projection 
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systems in which the image is formed 
as a geometrical shadow cast by diver- 
gent x-rays, and (iv) scanning systems 
in which a likeness is recreated by a 
time-sequential light pattern represent- 
ing the x-ray absorption in the object. 
These methods and their applications are 
described in detail elsewhere (/). 

In all x-ray microscopes the problem 
of obtaining adequate intensity is seri- 
ous, especially at the long wavelengths 
(2 to 20 angstroms) which are necessary 
for observing most biological material at 
high magnifications. This is a conse- 
quence of the inefficiency of x-ray pro- 
duction at the low excitation voltages 
and atomic numbers of targets which are 
practical for producing these long wave- 
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lengths. The point-projection x-ray mi- 
croscope can form a reasonably bright 
fluorescent image at about 1 micron reso- 
lution with 5 or 10 kilovolt x-rays, but as 
the source diameter and excitation volt- 
age are reduced below this, the image 
becomes too dim for direct viewing. The 
scanning system may offer some advan- 
tages in the display intensity, but it is 
limited ultimately by the photon noise, 
in the same way that the point-projec- 
tion method is. Order of magnitude esti- 
mates of this ultimate speed of point- 
projection and scanning systems do not 
give much hope for direct viewing at 
high magnification and useful field 
width, especially at soft wavelengths (?). 
In reflection x-ray microscopes, some 
gain in intensity at long wavelengths may 
result from an increase in useful mirror 
aperture, but this increase is not enough 
to overcome the inherently low intensity 
of reflection systems in comparison with 
other methods of x-ray-image formation. 
In most cases, as we shall show, the 
proper contact image geometry can still 
provide the highest x-ray intensity at the 
detector for a given resolution and width 
of field. It has the further practical ad- 
vantage, that the specimen may be 
mounted in air, even for viewing with 
ultrasoft x-rays, since the total x-ray 
path may be made short enough to pre- 
vent appreciable atmospheric absorp- 
tion, 
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Comparison with Other Methods 


We may easily compare the intensities 
of point-projection and contact x-ray 
microscopes operating at the same reso- 
lution and width of field. In both meth- 
ods the width of field will be limited by 
the obliquity of the peripheral rays pass- 
ing through the edge of the specimen, 
and also by the lower intensity at the 
edge of the field caused by the longer 
path length and increased target absorp- 
tion of these oblique rays. A practical 
maximum width of field may ‘be taken 
as one-half the target-to-specimen dis- 
tance (A in Fig. 1). For the point-pro- 
jection system the minimum geometrical 
resolving distance, at large magnifica- 
tion, is equivalent to the x-ray source 
diameter, s. In the contact image the 
minimum geometrical resolving distance 
at the surface of the specimen farthest 
from the detector is given by R=sB/A, 
where B is the specimen thickness. Points 
on the inside of the specimen, closer to 
the detector, will have correspondingly 
better geometric resolution. Conse- 
quently, for a given width of field and 
geometric resolution, the contact image 
may utilize a source diameter larger than 
the source diameter of the point-projec- 
tion system by a factor A/B. For exam- 
ple, if we wish to obtain a geometrical 
resolution of 0.2 micron over a 100- 
micron field, the point-projection system 
will require a source diameter of 0.2 
micron located at least 200 microns 
from the specimen. The contact image 
of a 5-micron-thick specimen with the 
same resolution and width of field could 
utilize an 8-micron source diameter. 
Since the maximum permissible specific 
loading on targets of these dimensions 
is roughly inversely proportional to the 
source diameter (3), the total energy 
on the detector in the contact system will 
be about 40 times greater than in the 
point-projection system, in this typical 
example, 

For the long x-ray wavelengths it is 
also necessary to consider the diffraction 
resolution. We shall use as the diffrac- 
tion resolution criterion the width of the 
first Fresnel fringe at the edge of an 
opaque screen, divided by the image 
magnification. This is given by 

r=|hab/(at+b)]% 
where a is the source-to-screen distance 
and b is the screen-to-image distance. 
For the point-projection case where the 
magnification is much greater than unity 
and b> a, we may call r?=ha; and in the 
contact method where m=1 and b<¢a, we 
may call r? =) b, where b now corresponds 
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to the maximum specimen thickness. If 
we set the diffraction resolution, defined 
by this criterion, equal to the geometric 
resolution, defined earlier, then in the 
example where a=,200 microns and 
r=Rz=0.2 micron, we find that to keep 
the diffraction within this limit for a 
point-projection image, the wavelength 
cannot exceed 2 angstroms. This wave- 
length is too short to give adequate con- 
trast in most thin sections of biological 
material. In order to use the point-pro- 
jection system with softer radiation at 
this resolution, the specimen would have 
to be located closer to the source, thereby 
reducing the useful width of field. For 
the contact method with a specimen 
thickness of 5 microns, the correspond- 
ing maximum wavelength which would 
allow 0.2-micron resolution is 80 ang- 
stroms. This indicates that Fresnel dif- 
fraction will seldom be a problem in 
contact x-ray images even in the ultra- 
soft x-ray region, or with electron-opti- 
cal enlargement. 

In principle, therefore, contact-image 
formation stands comparison with other 
existing methods of x-ray microscopy 
very well. Not only is the contact method 
capable of much higher image intensity 
but, in the ultrasoft x-ray region useful 
for high-resolution biological studies, it 
is also capable of a higher diffraction 
resolution over a wider field of view than 
is possible with other existing systems, 

As a practical matter, of course, the 
ideal grainless detector which is essen- 
tial for making use of the contact-image 
capabilities does not exist. The most 
common materials in use for contact 
microradiography are the fine-grain 
Lippmann emulsions, such as Eastman 
Kodak’s type 649 spectroscopic plate 
and Gevaert Lippmann film. Although 
the so-called grain size of these mate- 
rials is below the resolution of the light 
microscope, the final developed image 
suffers from nonuniformity, which is 
clearly visible at high optical magnifica- 
tion. Recourt (4) has tried enlarging 
contact images made on this fine-grained 
film in the electron microscope in order 
to take full advantage of the possible 
resolution, but the film grain structure 
still presents a serious limit to this 
method. Ladd, Hess, and Ladd (5) have 
also used the electron microscope to im- 
prove the resolution of contact images. 
Their image-recording process depends 
upon a change of solubility of certain 
materials upon exposure to x-rays. A 
topographic image corresponding to the 
x-ray transmission of the specimen is 
thereby produced and then replicated 
for observation in the electron micro- 
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Fig. 1. Geometry of contact image forma- 
tion (see text). 
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scope. Similar investigations have been 


carried on by Warnes (6) in this labora- 


tory, using only optical enlargement. 

In an attempt to eliminate the inter- 
mediate x-ray recording material alto- 
gether, Huang (7) has used direct x-ray- 
to-electron conversion in a special pho- 
tocathode which is placed at the object 
plane of an electron microscope. The 
resolution of this type of system is lim- 
ited by the chromatic aberration of the 
photoelectrons. Again, the intensity pre- 
sents serious restrictions. 


Design of Microfluoroscope 


The microfluoroscope under discussion 
is designed to take full advantage of the 
intensity which is attainable with con- 
tact-image formation in order to pro- 
duce a direct-viewing x-ray microscope 
useful for the ultrasoft x-ray region. In 
principle, the microfluoroscope is no dif- 
ferent from the ordinary fluoroscope. 
The x-rays diverge from their source, 
pass through the object under study, in 
which some are absorbed, and fall on a 
fluorescent screen which converts the 
x-ray energy to visible light which may 
be viewed directly. In the microfluoro- 
scope, the size of the x-ray source, the 
distance from the source to the screen, 
and the grain size of the fluorescent 
screen have been scaled down by several 
orders of magnitude, and the final fluo- 
rescent image is then viewed with a high- 
power light microscope. The wavelength 
of the x-rays, on the other hand, has 
been increased to obtain higher contrast 
in very thin microscopic specimens. 

A schematic diagram of this micro- 
fluoroscope is shown in Fig, 2. The three 
basic components are (i) a high-inten- 
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sity, microfocus x-ray tube; (ii) a thin, 
fine-grained fluorescent screen; and (iii) 
a high numerical aperture viewing mi- 
croscope. At the top of the figure is the 
electron source, which is imaged on the 
x-ray target by the electron lens. The 
demagnification is about times 20. The 
target is a metal foil (aluminum, copper, 
tungsten, or other metal) several mi- 
crons thick, glued to the outside of a 
heavier metal disk, which in turn is 
sealed to the vacuum system with a 
small gasket. A septum valve at the tar- 
get mount permits rapid replacement of 
targets without opening the column to 
air. The fluorescent screen, on a quartz 
cover slip, rests on the mechanical stage 
of an inverted metallurgical microscope. 
This stage can be positioned vertically so 
that the screen is within 50 microns of 
the x-ray source. The viewing-micro- 
scope objective is focused independently 
of the target-to-snecimen distance ad- 
justment. The incident light illuminator 
is useful for the initial alignment of the 
specimen, for the measurement of tar- 
get-to-screen distance, and for observing 
the condition of the target foil. The mi- 
croscope itself is arranged for either 
visual observation, photographic record- 
ing, or direct photometric measurement 
of the fluorescent image. 

The principal operating dimensions 
may be determined by the following con- 
siderations: Given the specimen thick- 
ness, B, the minimum resolving distance, 
R, and the width of field, F, the first two 
lengths determine the maximum allow- 
able angle which the x-ray source may 
subtend (see Fig. 1), and the width of field 
determines the minimum distance from 
the specimen at which the x-ray source 
may be placed. Since the maximum 
permissible specific loading increases ap- 
proximately inversely with the source 
diameter, it is important to place ‘the 
source as close to the specimen as is 
consistent with the desired field width, 
and to make it as large as is consistent 
with the given specimen thickness and 
desired resolution. Only in this way can 
the maximum intensity benefits of the 
high specific loading of the microfocus 
source be utilized. These requirements 
make it advisable to have both the di- 
ameter of the target spot and the target- 
to-specimen distance easily adjustable 
under operating conditions. The mini- 
mum target-to-specimen distance should 
be as small as 50 microns in order to 
obtain maximum intensity when viewing 
under the highest optical magnification. 

The optical components should, of 
course, have the highest possible numeri- 
cal aperture. Oil-immersion objectives 
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help reduce internal reflection at the 
surface of the cover slip supporting the 
screen. Since the object is self-luminous, 
there may be an undue amount of stray 
light entering the microscope which will 
reduce the image contrast and cause 
errors in photometric measurements. 
This can be controlled by the correct 
placement of stops in the objective. 
Some gain in optical intensity is pro- 
duced by evaporating a reflecting layer 
of aluminum on the polished surface of 
the fluorescent screen. This also reduces 
back reflection of light from the outside 
of the x-ray target foil. 

A photograph of the microfluoroscope 
is shown in Fig. 3. The viewing micro- 
scope can be translated horizontally on 
a short optical bench in order to pro- 
vide space in which to manipulate the 
specimen and view it under transmitted 
light, as well as access to the target area, 
which is necessary for replacing target 
foils. The microfocus x-ray tube is a 
greatly modified Metropolitan-Vickers 
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diffraction tube. The electron gun and 
anode have been altered to produce a 
beam of circular cross section. The ob- 
jective was converted to a pinhole elec- 
tron lens after Liebmann (8) by the ad- 
dition of a pole piece (designed by W. C. 
Nixon). This type of lens produces 
“strong” electron focusing but at the 
same time permits a relatively long 
working distance, so that the target foil 
may be located outside the magnetic 
field. Under normal operation this tube 
can produce a focal spot 10 microns in 
diameter with a specific loading of 1 or 
2 megawatts per square centimeter, de- 
pending upon the excitation voltage. For 
observation with 8-angstrom wavelength, 
when an aluminum target foil 3-microns 
thick is used, it is possible to obtain 
adequate intensity for direct viewing at 
magnification of several hundred with 
9-kilovolt excitation and target current 
of 60 microamperes. The optical micro- 
scope is a Unitron model BMEC-3 in- 
verted metallurgical microscope. 
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Fig. 2. Schematic diagram of the microfluoroscope. 
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Fluorescent Screen 


The fluorescent screen itself is the 
most critical component of the micro- 
fluoroscope, since it must fulfill several 
functions and satisfy many conditions in 
order to provide a useful image. In the 
first place, the structure of the screen 
must be sufficiently microscopic to allow 





Fig. 3. Photograph of the microfluoroscope. The microfocus x-ray tube is shown at the 
top center. The viewing microscope is in position for mounting the specimen. For x-ray 
viewing, the microscope moves on the short optical bench until its objective is coaxial 


with the microfocus tube. 





a 


Fig. 4. (a, left) Microfluorograph of the resolution test grid with 1500 bars per inch. The 
smallest bars are 2 microns wide. Note depth of field compared with that of the light 
micrograph (b) of the identical specimen. The x-ray wavelength is 8 angstroms. (b, 
right) Light micrograph of the identical grid shown in (a), photographed through the 
fluorescent screen. Both pictures were taken with a Leitz x 90, N.A. 1.32 oil-immersion 


objective. 
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image resolution comparable to that pos- 
sible with the light microscope (about 
0.2 micron); secondly, the thickness of 
the fluorescent material must be less than 
the depth of focus of the light micro- 
scope if the image is to appear crisp and 
if photometric measurements on small 
objects are not to suffer from extraneous 


light produced outside of the focal plane 








of the microscope; thirdly, the screen 
must be made of a material which ab- 
sorbs only those x-ray wavelengths which 
produce adequate contrast in the speci- 
men under observation; and finally, the 
screen must be optically homogeneous 
and smooth in order to reduce light scat- 
tering. To these essential requirements 
we may add other desirable features of 
the screen such as high sensitivity to soft 
x-rays, uniformity over the field of view, 
and both chemical and mechanical sta- 
bility. 

The fluorescent screen from which the 
microfluorographs shown in Figs. 4a and 
5a were taken was made by vacuum 
evaporation of manganese-activated zinc 
orthosilicate phosphor by means of a 
technique similar to that used by Feld- 
man and O’Hara (9) for producing 
transparent cathode-ray tube screens. 
The substrate is a quartz cover slip thin 
enough to allow viewing with a 100 x 
oil-immersion objective when mounted 
in the microfluoroscope. After evapora- 
tion, the cover slips are placed in a cov- 
ered porcelain dish and air-baked at 
1100°C for a few minutes (/0). In order 
to obtain a good optical surface on the 
screens, so that the specimen may be 
viewed with transmitted light without 
loss of quality, we follow the baking 
with optical polish, using a pitch lap and 
tin oxide abrasive. The screen thickness 
may be determined by interference meth- 
ods or by direct measurements with a 
sensitive mechanical gauge. Screens have 
been made by this method in thicknesses 
ranging from 0.2 to 1.0 micron (//). 
ligure 4 illustrates some of the charac- 
teristics of the fluorescent screen. Figure 
4a is a microfluorograph of a silver test 
grid with 1500 bars per inch. The small- 
est bars are 2 microns wide. The grain of 
the fluorescent screen is clearly visible in 
the background. However, the resolution 
is not seriously affected by this structure, 
as can be seen by comparison with Fig. 
4b, which is a light micrograph of the 
identical section of grid mounted on the 
same fluorescent screen. Both micro- 
graphs were taken with a Leitz 90 x N.A. 
1.32 oil-immersion objective. This fig- 
ure also clearly illustrates the great depth 
of field of the x-ray image in comparison 
with the light image. The portion of the 
grid which is broken and bent out of the 
focal depth of the light micrograph 
shows clearly in the fluoroscopic image. 
This great depth of field allows stereo- 
scopic photography at the highest mag- 
nification which provides an excellent 
method for directly measuring the thick- 
ness of structures within a specimen. 
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Figure 5a illustrates the quality of the 
x-rays producing the fluoroscopic image. 
One quadrant of the field is covered by 
a 6-micron Mylar sheet while one half 
the field is covered with a 3-micron alu- 
minum foil. Photometric measurements 
indicate that the wavelength of the 
x-rays producing this contrast corre- 
sponds to 90-percent aluminum K radia- 
tion. The light micrograph of the 
identical specimen (Fig. 5b) shows prac- 
tically total transmission in the Mylar 
and total absorption in the aluminum 
foil. A more significant difference be- 
tween the x-ray and light image is the 
relatively large amount of scattered radi- 
ation in the light micrograph from duit 
particles and, especially, from the edge 
of the Mylar. This scattered light, which 








b 


Fig. 5. (a, top) Microfluorograph of a 
contrast test object. Upper right quadrant 
is a Mylar sheet, 6 microns thick. Half the 
field is covered with aluminum foil, 3 mi- 
crons thick. The x-ray wavelength is 8 
angstroms. The contrast results only from 
absorption. (b, bottom) Light micrograph 
of the identical object shown in (a), still 
mounted on fluorescent screen. The edge 
of the Mylar sheet is visible because of 
scattered light, which may cause errors in 
absorption measurements. 
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is essential to the formation of the image, 
nevertheless produces large errors in 
light absorption measurements, espe- 
cially in inhomogeneous objects or on 
structures with dimensions comparable 
with the wavelength. Scattering in x-ray 
images at this wavelength is entirely 
negligible. 

A further indication of the contrast 
produced by 8-angstrom x-rays is shown 
in Fig. 6, which is a microfluorograph of 
cellulose fibers ranging in thickness from 
2 to 20 microns. 

These evaporated fluorescent screens 
have distinct advantages over the fine- 
grained photograph emulsions which 
have been used to record contact x-ray 
images for many years. First of all, they 
can be made exceedingly thin, so that 
the light image is produced entirely 
within the depth of focus of the light 
microscope which is used to view the 
image. Secondly, by proper choice of the 
screen thickness, the target material, and 
the excitation voltage, it is possible to 
produce the x-ray image with a rela- 
tively pure, soft x-ray line spectrum 
without additional monochromatization, 
since the harder continuous components 
pass through the screen with little ab- 
sorption. Thirdly, the excellent linearity 
of the fluorescent screen allows direct 
photometric measurements of x-ray ab- 
sorption without the many difficulties 
usually associated with the photographic 
process and subsequent microdensitom- 
etry. Finally, the fluorescent material 
itself is comparatively durable and in- 
sensitive to light, so that the problems 
of specimen preparation and mounting 
are greatly reduced. For these reasons, 
such screens may be useful for other 
types of x-ray microscopes as well as 
for electron optics, for which they were 
originally developed. 

Although improvements are being 
made in the quality of fluorescent screens 
for microfluoroscopy and in_ photo- 
graphic emulsions for contact radiogra- 
phy, both methods have now approached 
very near to the resolution of the light 
optics by which they are usually viewed, 
and no large gain in resolution by these 
methods may be expected. On the other 
hand, enlargement of contact images by 
electron optical systems is a demon- 
strated possibility, and with the contact 
image geometry, diffraction and inten- 
sity limits at the ultrasoft wavelengths 
do not appear to be such insurmount- 
able obstacles as they are for other meth- 
ods of x-ray microscopy. It would ap- 
pear likely, therefore, that any large 





Fig. 6. Microfluorograph of cellulose fibers 
ranging in thickness from 2 to 20 microns, 
indicating the contrast range of 8-ang- 
strom radiation. The 1500 bars-per-inch 
test grid indicates scale. 


improvement in the resolution of x-ray 
microscopes in the ultrasoft x-ray region 
would come from contact images en- 
larged by electron microscopy. However, 
the relative simplicity and speed of the 
microfluoroscope will make it uniquely 
suited to many quantitative microscopic 
investigations which do not require elec- 
tron optical resolution. By eliminating 
the necessity for intermediate image re- 


cording, and by allowing specimen 


mounting in air and under normal illu- 
mination, this instrument approaches the 
simplicity of operation which is essential 
for routine observations and measure- 
ments (/2). 
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Echo Ranging in the Porpoise 


Perception of objects by reflected sound is 


demonstrated for the first time in marine animals. 


It has long been known that bats 
orient themselves in flight by the process 
of echo ranging or echolocation. That is, 
they emit a series of short high-frequency 
sound pulses, the echoes of which, upon 
their return to the bat’s ears, are the 
means by which it avoids colliding with 
objects while in flight. An analysis of 
echo ranging in the bat undertaken by 
Griffin (/) indicates that bats may even 
find the flying insects which they eat in 
this manner. The basic principle behind 
the process is the same as that of Navy 
sonar and of the marine Fathometer or 
echo sounder. 

That animals of the sea, especially the 
great whales and the porpoises, may em- 
ploy a similar method to avoid colliding 
with objects in their pathway—as well 
as with the ocean bottom—has often 
been suggested but has never been con- 
clusively demonstrated. Yet it is known 
that some of the dolphins and certain 
of the larger whales make many under- 
water noises (2). To date, these sounds 
have perhaps been most successfully 
studied in the case of the shallow-water 
porpoise, or bottlenose dolphin, Tursiops 
truncatus (Montagu). This animal, it 
should be noted, belongs to the order 
of Cetacea, suborder Odontoceti. It is 
ohe of the smaller of the toothed whales, 
of which the giant sperm whale is the 
largest representative. Kellogg, Kohler, 
and Morris (3) have made acoustical 
analyses of some of the submarine noises 
produced by Tursiops and have pub- 
lished a preliminary, although incom- 
plete, frequency spectrum describing one 
class of sounds emitted. 

Such facts as are at present available 
indicate the following: 

1) The underwater noises made by 
the bottlenose dolphin satisfy fully the 
necessary acoustical and temporal re- 
quirements for echo ranging in water. 
Those of the short-pulse variety occur 
in trains or series, the individual pulses 
of which have a duration as short as 1 
millisecond (3). These trains of repeated 
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sound signals, like the cries of the bat, 
are particularly well suited to the pro- 
duction of a continuous series of echoes. 
In general, the pulses are complex in 
frequency pattern and contain many 
ultrasonic vibrations (3, 4). Although 
high frequencies are by no means essen- 
tial for echo ranging, such frequencies 
would be particularly useful under cer- 
tain conditions—for when 
there is a residual background of water 
and wave noise. 

2) The acoustic receptor of the Odon- 
toceti is remarkably well adapated for 
responding to sound vibrations in water. 
Its structure alone suggests a kind of 
supersensitivity to sound (5). Moreover, 
observations of the reactions to water- 
borne noises made by wild or noncaptive 
porpoises, such as the reactions reported 
by Fraser (6) and by Howell (7), imply 
that the sense of hearing in these ani- 
mals is very acute indeed. So far as is 
known, however, the only extensive tests 
of hearing on these cetaceans are those 
attempted by Kellogg and Kohler (8) 
and by Schevill and Lawrence (9). The 
results show that Tursiops truncatus is 
capable of reacting to sound vibrations, 
in water, at least as high in frequency 
as 80 kilocycles per second—or two full 
octaves above the upper frequency 
threshold for hearing in man. 


example, 


There seems little reason to doubt, 
therefore, that T. truncatus both emits 
and can receive sound vibrations in water 
which possess the necessary character- 
istics for echolocation. It may conse- 
quently be said to possess an echo-rang- 
ing or a sonar system. 

3) But even though this animal ap- 
pears to have a kind of sonar system, 
there is as yet no direct evidence that he 
actually uses it as such, To investigate 
this matter further, it now becomes nec- 
essary to test captive porpoises for the 
avoidance and location of objects in 
water, after vision has been experimen- 
tally eliminated. This is, in fact, the ob- 
ject or purpose of the present research 





program. This article summarizes a 
series of investigations on underwater 
echo ranging conducted at the Marine 
Laboratories of Florida State Univer- 
sity, 43 miles south of Tallahassee on 
the Gulf of Mexico (10). 


Subjects and Equipment 


The subjects were two bottlenose dol- 
phins donated by the Marine Studios of 
Marineland, Florida, and transported 
260 miles by truck to the university’s 
laboratories. They were between seven 
and eight feet in length, and each was 
estimated to have a weight of around 
300 pounds. 

Although these animals are known to 
be both playful and intelligent (J//), 
there are nevertheless marked variations 
in the behavior of different individuals. 
In the case of our own two subjects, for 


example, the male, a young adolescent, ° 


appeared to be quite dependent upon 
the more mature female and swam im- 
mediately to her side in times of stress 
or excitement. The female, in turn, dis- 
played a certain reserve or sophistica- 
tion by withdrawing, of her own choice, 
from active participation in two of the 
studies to be reported. As a consequence, 
the tests in two of the echo-ranging situ- 
ations were confined to the behavior of 
one animal alone. In the remaining situ- 
ations, both individuals took part. The 
animals were given the names of Albert 
and Betty. 

The observations were made in a spe- 
cially dredged pool or enclosure where 
the porpoises were maintained (/2). 
The surface dimensions of the pool were 
55 by 70 feet, and the depth was 5% 
feet at low tide and 7 feet at high tide. 
The sides and bottom of the excavation 
were of soft marl or muck, which pro- 
duced a poor reflecting surface for un- 
derwater sound signals. This material 
served, therefore, as a kind of natural 
baffle; its damping effect upon audio 
vibrations was excellent for studies of 
echo ranging. The pool was connected 
to the nearby waters of Alligator Harbor 
through large concrete pipes which per- 
mitted a free tidal flow both into and 
out of the enclosure. A 30-inch board- 
walk was built around the bank at the 
water level, and the land area nearby 
was fenced off some distance back from 
the excavation, 

A natural advantage of this testing en- 
vironment was the turbidity or opacity 
of the water. Shoal water in this part of 
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the Gulf is generally brownish during 
the warmer months but clears somewhat 
during the winter. In addition, the mud 
in the pool itself was continually stirred 
by the swimming of the porpoises, and 
this reduced even further the penetra- 
tion of light. Regular tests of the degree 
of light penetration were made with a 
Secchi disc, and the findings were con- 
firmed by transparency measurements 
with a photoelectric colorimeter. The 
results showed the light penetration to 
be as low as 10 inches in some instances, 
although the average penetration was 
closer to 20 inches. Harmless dyes were 
available to reduce the underwater visi- 
bility even further should this become 
necessary, but these were never used ex- 
cept in an exploratory way. The possi- 
bility that the porpoises could locate ob- 
jects in the water by vision was mini- 
mized, therefore, by this turbidity. 

To facilitate the lowering of under- 
water gear into the water, a network 
of horizontal wires and cables, supported 
by rows of small telephone poles on the 
bank, was stretched across the entire 
area of the pool about 15 feet above the 
water, This network was a permanent 
installation and was used for supporting 
various sorts of running tackle, which 
could be manipulated by assistants from 
the shore. With suitable rigging of this 
kind, one or more objects could be low- 
ered into the water or removed from it 
at any desired place or places. A heavy 
crane mounted on a short dock protrud- 
ing into one end of the pool took care of 
unusually heavy equipment. 

The electronic accessories used in this 
work included several varieties of hydro- 
phones (or underwater microphones), 
a heavy underwater transducer (or 
speaker), preamplifiers, amplifiers, oscil- 
loscopes and oscilloscope camera, tape 
recorders, and air speakers. These’ de- 
vices were used (i) for listening to the 
submarine noises made by the animals 
while they were being tested, (ii) for 
recording and photographing some of 
these sounds, and (iii) for projecting 
back into the water to the porpoises the 
recordings of their own noises made 
while they were performing at echo- 
ranging problems. 


Reactions to Submerged Targets 


In the wild or natural state, T. trun- 
catus catches and eats live fishes, but in 
captivity it must learn to eat dead (al- 
though fresh) fish. With practice it can 
be trained to eat from the hand. Sup- 
pose that a test or “target” food fish is 
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thrown into the pool in such a way as 
to strike the water 30 feet or so from 
the porpoises’ positions. If the test is to 
be critical, the animals should not be 
able to see either the fish in the air or 
the motions of the thrower. The instant 
the bait enters the water, both animals 
immediately turn and race toward it at 
maximum speed, although before they 
can arrive at the spot, the fish, if fresh, 
will have sunk beneath the surface. The 
bait is by then not visible to human ob- 
servers on the bank or to the animals, 
yet one or the other of the porpoises 
never fails to retrieve it and usually sur- 
faces almost immediately with the fish 
in its mouth. The whole procedure takes 
but a few seconds. There is no explora- 
tory or searching behavior whatever. 

What, then, is the sensory mechanism 
for accomplishing this trick? Obviously 
it cannot be a visual mechanism in such 
turbid water. It cannot be an olfactory 
mechanism, for the sense of smell does 
not exist in these animals (/3). The 
olfactory bulbs are missing altogether, 
and the nostrils or blowhole is closed 
during submersion. Gustatory reception 
seems highly improbable, since the 
chase and seizure are much too fast for 
any tasting to take place. The response 
is like that of a dog picking up a stick 
on the run. There remain the tactual 
and temperature senses, and audition. 
We are forced to infer by the process of 
elimination that the acoustic receptor 
must be the sensory channel which is 
employed. 

A deduction of this kind is confirmed 
by underwater listening to the animals’ 
sounds as the chase takes place. Al- 
though porpoise sound signals may be 
entirely absent before the target fish 
strikes the water, the noise of its splash 
produces a torrent of sputtering sound 
pulses as both animals dash toward the 
target. When the seizure is complete, 
the sounds again subside. 

To investigate this phenomenon in a 
more systematic way, the following tests 
were conducted: 

1) Objects of various sorts were 
thrown or lowered into the water so as 
to make a splash upon entering. These 
included BB shot, pebbles, fishes, and 
4-foot poles. Such objects also served as 
echo-ranging targets after submersion. 

2) Streamlined or “teardrop” objects 
were silently lowered into the water 
without surface noise, yet they served, 
upon submersion, as targets for reflected 
sound waves. 

3) Surface splashes alone were pro- 
duced, but no underwater target was 
furnished. This was accomplished in sev- 


eral ways, although most effectively by 
dropping water in measured quantities 
upon the surface of the pool. 

The major results obtained from these 
tests are enumerated below: 

1) If the pool was perfectly quiet, 
even a single BB shot tossed into the 
water would elicit an underwater beam- 
ing response on the part of the porpoises. 

2) Water dropped upon the surface 
which created a splashing noise suffi- 
ciently different from the background 
noise to be perceived was also followed 
by bursts of exploratory sound pulses, 
although these were likely to be of only 
momentary duration. A single drop of 
water from a medicine dropper did not 
cause enough surface noise to elicit this 
reaction. Under favorable conditions, 
however, a half-teaspoonful of water 
dropped from a height of 5 or 6 feet 
would elicit exploratory sound pulses. 
The splashing of a stream of water from 
a hose did the same thing. But since no 
echoes were returned after the por- 
poises’ original sound bursts, the pattern 
of pulse signals in these cases was no 
more than exploratory and ended after 
a single burst. 

3) A solid object immersed with com- 
plete quietness, on the other hand, pro- 
duced no echo ranging until the animals 
happened to make sporadic exploratory 
ranging signals. A delay of 10 or 15 sec- 
onds might therefore result after a 
streamlined target had been lowered in 
this manner. Yet if the same target was 
dropped with a splash, this was at once 
followed by a continuous sound pattern. 
The splash appeared to serve as a cue 
for the production of the sound signals, 
and if echoes were returned from the 
original burst, the beaming continued. 

The behavior of Albert, who learned 
to take fish from the hand (Betty would 
never consistently do this), was particu- 
larly significant in this connection. It 
was never necessary to signal or call the 
porpoise when a fish was inserted into 
the water—even from behind a screen 
which concealed all movement from the 
air. During feeding he would make occa- 
sional exploratory bursts of sound pulses 
which might be compared to “glancing” 
or “looking” in terms of vision. These 
bursts were usually from 1 to 2 seconds 
long and occurred every 10 seconds or 
so. He appeared to be “searching” for 
the fish. As soon as the fish was sub- 
merged (or as soon as the beaming sig- 
nals produced echoes), the pattern of 
sounds would change. Discrete bursts of 
sound pulses would now be separated by 
intervals no longer than a second or two. 
As the porpoise moved toward the tar- 
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Fig. 1. Arrangement for presenting the 
stimuli in the fish-discrimination experi- 
ment. On any given trial, a spot (the pre- 
ferred fish) and a mullet (the nonpre- 
ferred fish) were lowered simultaneously 
into the water from behind the plywood 
screen. The spot projected approximately 
6 inches below the screen, the mullet 12 
inches. A trial began when the fishes were 
submerged and ended when the porpoise 
took or touched either fish. The positions 
of the “positive” and “negative” fishes 
were randomly rotated from trial to trial. 


get, the intervals between bursts were 
eliminated altogether. 

While making these sounds and ap- 
proaching the target, the animai would 
continually oscillate its head or reorient 
its body from right to left through an 
arc of perhaps 10 degrees, as a human 
being might when employing binaural 
localization. If the target fish was moved 
laterally under the water as Albert ap- 
proached, the porpoise immediately 
turned so as to keep the stimulus in his 
sagittal plane, continually making small 
head oscillations at the same time. 


Avoidance of Obstacles 


The ability to avoid submerged ob- 
jects while swimming was examined in 
these animals by immersing a series of 
obstructions which completely bracketed 
the swimming area. The obstacles used 
in these tests were light poles or posts 
52 inches long. They therefore subtended 
most of the vertical distance between the 
surface and the bottom. The poles were 
made of galvanized sheet metal and 
were triangular in cross section, each 
side being 2 inches wide. Thirty-six of 
these poles were suspended over the 
water by rigging attached to the over- 
hanging cables and lowered simultane- 
ously by assistants at a predetermined 
signal. The poles were arranged in a 
regular geometrical pattern, the rows 
and columns of which were 8 feet (about 
one porpoise length) apart. 

Since these obstructions were of metal 
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and were suspended freely from above, 
they were extremely sensitive to contact 
stimuli. If touched or struck lightly 
either in air or in water, they gave off 
a metallic, bell-like ring or ping. Metal- 
lic noises of this sort made under the 
water could be heard by means of the 
hydrophone and regular underwater 
acoustical gear. They could also be re- 
corded on magnetic tape along with por- 
poise sound signals. The metallic sounds 
served therefore as a means of auto- 
matically recording the collisions which 
the porpoises made with any of the sub- 
merged obstacles. 

In the first 20-minute session of this 
sort there was a total of four collisions 
for both animals. So far as we could 
tell, these were made after the body of 
a porpoise had actually passed an ob- 
struction, It appeared that the horizontal 
tail flukes of one of these small whales 
must have touched an obstacle as the 
animal was in the process of turning into 
a new alley. The second session was bet- 
ter than the first, and all subsequent 
trials were perfect, showing no collisions 
whatever. It looked as though the sub- 
jects had rapidly learned to navigate 
through the maze of obstructions in the 
limited swimming space allowed them. 
In one series of observations made dur- 
ing the dark phase of the moon, in nearly 
total darkness at night, there were also 
no errors. 

As a final test we broadcast back to 
the animals, while they were swimming 
through the field of obstacles, tape re- 
cordings of their own noises which had 
been made during an earlier session in 
the same situation. The sounds were pro- 
jected by a heavy Navy transducer, type 
1-K. But the projected noises seemed 
not to affect the accuracy or the speed 
of their swimming in any way. And there 
were no collisions. 

The most reasonable interpretation of 
this result appears to be that the por- 
poises were able to distinguish their own 
sound signals from the artificially pro- 
duced interference. This interpretation 
finds support in the recent observations 
of Griffin (/4) and of Griffin and Grin- 
nell (15) that distracting or jamming 
sounds do not seriously disturb the echo- 
ranging ability of the bat. 


Fish Discrimination Experiment 
At first our two subjects were fed 


on mullet, Mugil cephalus (Linnaeus), 
but they soon began to refuse this fish. 





It therefore became necessary to sup- 
ply them. with a fish called spot, Leio- 
stomus xanthurus (Lacépéde), which 
they ate readily. Mullet thrown into the 
water would be chased but rejected. If 
held in the hand, a mullet would be 
approached but not taken. 

As a consequence of this behavior, the 
question arose whether the animals could 
discriminate between preferred fish (the 
spot) and nonpreferred fish (the mul- 
let) without seeing either fish. The fish- 
discrimination experiment was planned 
to examine this possibility. The discrimi- 
nation cues were differences in the sizes 
of the preferred and the nonpreferred 
stimuli. To this end, mullet were selected 
for the experiment which were about 
twice as large in over-all length as the 
spot. 

The general arrangement of the ex- 
periment is shown in Fig. 1. A rectan- 


gular screen of marine plywood was 


mounted solidly at the end of a 15-foot 
dock which projected into the pool. The 
screen was placed in such a way that its 
bottom edge was 1 to 2 inches below the 
surface of the water. From behind the 
screen, which concealed visible move- 
ment in the air, a spot and a mullet were 
silently lowered into the water at the 
same time. The tail of the spot was held 
by the experimenter so that the body 
of the fish projected approximately 6 
inches below the bottom of the plywood 
screen. The mullet was held so as to 
project 12 inches below the screen, 
Every effort was made to eliminate all 
water noises as the fishes were inserted. 
That this was successfully accomplished 
was periodically checked by underwater 
listening. As in any discrimination ex- 
periment, the positions of the positive 
and negative stimuli were randomly ro- 
tated from trial to trial, although the 
absolute point of insertion of each fish 
was held constant with reference to the 
edges of the plywood screen. 

Since the subject (Albert) was by this 
time well practiced in taking foodfish 
from the hand, he would approach the 
end of the dock whenever human beings 
came near it and wait there to be fed. 
Generally he lay at the top of the water, 
3 to 10 feet from the plywood screen, 
where he would ogle the experimenters 
first with one eye and then with the 
other, submerging for a few inches be- 
tween breaths, which occurred rather 
rapidly in such instances. A regularly 
timed trial began with the immersion 
of the two stimuli and ended when the 
porpoise took or touched either fish. If 
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FOR FISHES 
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OF VISIBILITY 

Fig. 2. The turbidity of the water acted somewhat like a one-way-vision screen. The ex- 

perimenters above the water level could see sufficiently far beneath the surface to observe 

the porpoise’s head and mouth, but the animal could not detect the target fishes in a 

horizontal direction. The difference between the absolute threshold for distance and the 

differential threshold—or the threshold of discrimination between the target fishes—is 
also illustrated in this figure. 
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Fig. 3. (Top) Front view and (bottom) side view of the apparatus used in the window 
experiment. The porpoise was required to distinguish between two fish (spot) which were 
identical in visual appearance. The fish were presented simultaneously, but one was be- 


hind a sheet of plate glass. The glass was randomly shifted between the right and left 
windows. 
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the spot was taken, this was counted a 
successful discrimination. The touching 
or taking of the mullet was scored as an 
error. 

Because Albert did most of his ap- 
proaching at or very near the surface, 
it was not difficult for observers on the 
dock above him to tell his position with 
reference to the target fishes, in spite of 
the turbidity of the water. At the same 
time, the subject himself could not de- 
tect the stimuli by visual means because 
of this turbidity. The situation in fact 
possessed some of the characteristics of 
a one-way-vision screen, the advantage 
being all in favor of the experimenters. 
The diagram in Fig. 2 should make this 
clear. 

A distinct difference was found to exist 
between the limits of visibility, as meas- 
ured by the Secchi disc, and the limits 
of discriminability between fishes of dif- 
ferent size, as tested by human observers 
under water. The Secchi disc used in 
these studies was a circular white re- 
flecting surface, 20 centimeters in diam- 
eter, which was submerged until it be- 
came invisible. The procedure gave an 
absolute threshold of visibility measured 
vertically in inches from the surface of 
the water. 

By means of special observations made 
by skin-diving human beings, horizontal 
Secchi readings in the pool were com- 
pared with vertical readings. Similar 
tests were made of the maximum hori- 
zontal distance, under the water, from 
which it was possible for a human being 
to distinguish between a 12-inch mullet 
and 6-inch spot. The horizontal and ver- 
tical Secchi readings were on the whole 
equal, but the horizontal discrimination 
threshold was found to be about one- 
half the absolute Secchi threshold. A 
Secchi measurement of 20 inches read 
from the surface could be translated 
therefore into a horizontal differential 
threshold between the two fishes of ap- 
proximately 10 inches. The manner in 
which this affected the visual capacity 
of the porpoise is shown schematically 
in Fig. 2. 

Regardless of these limitations, how- 
ever, it soon became apparent that dis- 
crimination of a high order was taking 
place in the fish-discrimination experi- 
ment. In the first daily session of 16 
trials, Albert committed four errors. The 
number of errors decreased irregularly 
upon successive sessions until none at all 
occurred. The final 140 trials—some 
made in near-total darkness at night— 
gave no errors whatever. The time per 
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trial was not affected—that is, it was not 
increased—during the night sessions. If 
vision had played any part in the selec- 
tion of the preferred fish, a reduction in 
illumination would certainly have made 
the task more difficult. It should con- 
sequently have increased the response 
time, and it might also have introduced 
errors. 

Listening and underwater recording 
which were conducted throughout the 
experiment showed also that the porpoise 
reacted to the insertion of the fishes by 
increasing at once both the intensity and 
the continuity of his sound signals and 
by surging forward toward the targets as 
the signals increased. 


Window Experiment 


It may still be assumed by some that, 
in spite of the turbidity of the water, 
visual discrimination was not really ex- 
cluded in these studies. Is it possible 
that Albert was able to distinguish be- 
tween the fishes of different size by some 
superhuman ocular ability? To answer 
this objection, a new experiment was 
designed in which the use of vision 
would prove actually to be detrimental 
and confusing. This experiment is re- 
ferred to in the present report as the 
window experiment. 

Like the fish-discrimination experi- 
ment, the window experiment was also 
a discrimination experiment, but in this 
case the two stimuli to be discriminated 
were spot (preferred fish) identical in 
visual appearance. Both of the spot 
offered on any trial were equally visible, 
although one of them was unavailable 
or unattainable since it was presented 
behind a sheet of plate glass. The un- 
available spot was the negative stimulus 
and the available spot the positive stimu- 
lus. A diagram of the apparatus which 
was used is shown in Fig. 3. 

A rectangular frame of angle iron, 30 
by 60 inches, contained a square plate- 
glass window which would slide to the 
right or left so as to fill one half of the 
rectangle. The position of the covering 
glass on any trial was randomly deter- 
mined. The target fishes were silently 
inserted from behind a plywood screen 
so that no movement from the air could 
be detected by the subject. 

Both of the spot were held the same 
distance behind the plane of the glass, 
as indicated in Fig. 3 (bottom). In order 
to reach the available fish, it was neces- 
sary for Albert to insert his mouth sev- 
eral inches into the open aperture of the 
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metal framework. An error or failure 
on any trial would consist of his bump- 
ing the plate-glass window or approach- 
ing very close to the glass. 

To induce the porpoise to place a part 
of its head inside of the metal frame re- 
quired a great deal of preliminary train- 
ing, as might have been expected. All of 
this training was conducted with the 
window removed from the framework. 
Spot were sometimes offered in the right- 
hand opening and sometimes in the left. 
In the beginning, it was necessary for 
the experimenter to hold the fish in front 
of the plane of the plywood screen, ex- 
posing his submerged hand as well as 
the fish to Albert. By easy stages, the fish 
were gradually moved backward into 
and through the framework, as is indi- 
cated in Fig. 4. 

During the experiment itself the win- 
dow was adjusted at the beginning of 
the intertrial interval—that is, immedi- 
ately after Albert had taken the fish for 
the preceding trial and while he was sub- 
merged and eating the fish (as revealed 
by underwater listening). In order to 
control for the sound caused by sliding 
the window, the movement of the glass 
was always made in two steps or stages. 
It was first pushed half way—that is, to 
the middle of the framework. From this 
central position it was subsequently 
moved either the rest of the way, in the 
same direction, or it was returned to its 
original position. This two-stage process 
produced the same sequence of appa- 
ratus noise following each trial, but the 
noise by itself gave no indication of the 
final location of the glass. 

The trials were timed as in the fish- 
discrimination experiment, and records 
were made of the approximate starting 
position on each trial as well as of the 
direction and speed of swimming during 
a trial. In 202 trials recorded in this 
manner, there occurred not a single er- 
ror, nor even what appeared to be the 
beginning of an error. No approaches 
whatever were made toward the fish 
behind the glass. 

On the average it took Albert longer to 
complete a trial than it had in the fish- 
discrimination experiment, possibly be- 
cause of his aversion to putting his nose 
within the metal frame. Later trials were 
somewhat faster than earlier trials, show- 
ing the effect of practice. Some sessions 
were conducted in nearly complete dark- 
ness at night, but this again caused no 
change whatever in the accuracy of the 
performance cr in the latency of re- 
sponding. 

The porpoise, in fact, ultimately came 
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Fig. 4. Preliminary training was necessary 
in the window experiment in order to get 
the animal to insert its mouth through the 
aperture of the metal frame. Fish were 
first: held in front of the frame as in (1), 
and on successive trials were gradually 
moved backward through the frame, as in 
(2) and (3). The glass was removed from 
the apparatus for these habituating trials. 


up with his own original version of how 
the problem should be solved. He devel- 
oped the habit of stationing himself in 
front of the open window as soon as he 
had eaten the fish from the preceding 
trial and before the minimum intertrial 
interval set by the procedure had 
elapsed. He got ready, in other words, 
immediately after the movement of the 
glass and waited a few feet away for the 
available or “positive” fish to be sub- 
merged. He appeared to have learned 
through association or conditioning that 
the positive stimulus would come in the 
open window, and he distinguished at 
once the opened from the unopened. All 
this time the animal sputtered intermit- 
tently, as he made what might be termed 
“auditory glances” in listening for the 
forthcoming target fish. 


Plexiglas Experiment 


Even though these experiments dis- 
pose pretty well of the visual discrimi- 
nation hypothesis, there remains the 
possibility that Albert may have been 
attracted to the target fishes by the 
chemical stimulus of taste and that his 
behavior should not, therefore, be ac- 
counted for in terms of echo ranging. 
The responses to submerged nongusta- 
tory targets discussed earlier in this 
article argue strongly against such a 
possibility. However, as a final check 
upon the notion that chemical substances 
in the water may have served as an un- 
controlled variable in the window and 
fish-discrimination studies, an additional 
experiment was arranged in which food 
rewards were eliminated altogether. The 
motivating principle in this instance was 
avoidance or punishment. The general 
plan of the experiment, which is here 
referred to as the Plexiglas experiment, 
is illustrated in Fig. 5. Both of the por- 
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poises served as subjects in this situation. 

A submerged net of wire fencing 5 
feet in height was stretched tightly across 
the width of the pool at the center. It 
formed a fixed barrier or partition divid- 
ing the water area into two approxi- 
mately equal parts. The wire in the 
fencing was ¥@ inch in diameter and was 
woven into squares 5 inches to the side. 
The net was supported by floats at the 
surface and was weighted at the botton. 
Two openings 5 feet wide, located near 
the middle of the barrier, were the only 
passages or doorways from one half of 
the pool to the other. A large curtain of 
black war-surplus plastic suspended from 
above could be raised or lowered so as 
to block or cover both openings. 

One of the openings could also be 
closed by a rigid sheet of clear Plexiglas, 
as is shown schematically in Fig. 6. 
Tackle from the shore permitted the 
Plexiglas to be moved laterally so as to 
block either hole. With the black cur- 
tain raised, the porpoises were therefore 
confronted with a kind of choice appa- 
ratus which required them to distinguish 
between the doorways in the wire fenc- 
ing, one of which was blocked by a solid 
but invisible Plexiglas door. 

Two other nets—which might be 
called “motivating nets’”—were placed at 
the ends of the pool, one at each end, 
parallel to the barrier net. These moti- 
vating nets were movable and were used 
to induce the animals to pass from one 
side of the barrier to the other. Since 
porpoises tend to avoid physical contact 
and will shy away from any strange or 
unusual object, they would avoid the 
motivating net behind them by escaping 
into the open area of the opposite side. 
The black curtain was then lowered, and 
the original motivating net floated back 
to its starting position. On the next trial 
the second motivating net, now behind 
the animals, was used to make them re- 
turn to the original half of the pool. 
The subjects were gradually familiar- 
ized with the apparatus and conditions 
in several preliminary sessions with the 
Plexiglas removed and with both aper- 
tures free and unoccupied. 

During the regular experimental trials, 
the Plexiglas door was adjusted in posi- 
tion only when the black curtain was 
submerged and completely covered both 
of the openings. As in the case of the 
window experiment, the lateral move- 
ment of the Plexiglas from one side to 
the other was performed in two stages. 
The Plexiglas was placed in the center 
position between the two doorways, and 
it was then given a final adjustment so 
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as to fill one of the openings. In this way 
the apparatus. noise was a two-stage af- 
fair and was always the same, even 
though the Plexiglas was moved away 
fyom an aperture and returned to its 
original position. The right-left sequence 
of the open doorway upon successive 
trials was randomly determined. 

The timing of a trial began when the 
curtain was raised and the choice appa- 
ratus was exposed to the animals. The 
timing ended when the animals came 
up to blow or exhale on the opposite 


the Plexiglas occurred, this could at once 
be detected by the shaking of the net 
and the angular displacement of the 
Plexiglas itself. 

Data in this experiment were ob- 
tained from 50 trials for each animal, 
or a total of 100 trials for both. The 
results showed that only two errors were 
committed in the entire series of 100 
trials. The performance, in other words, 
was 98 per cent accurate. There was also 
evidence of learning or adaptation, as 
indicated by a gradual reduction in the 


side of the barrier. Since the two por- 
poises could be readily identified by the 
observers, time scores were recorded 
separately for each. If a collision with 


time per trial. Underwater sound sig- 
nals were again present in this experi- 
ment, as in the previous ones. 

The conclusion seems inescapable that 
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Fig. 5. The plan of the Plexiglas experiment. A steel net or fence was stretched tightly 
across the porpoise pool beneath the water, dividing it into two sections. The fencing was 
supported by floats at the surface and was weighted at the bottom. Two openings or door- 
ways (5 feet wide) in the fence permitted the animals to swim from one section of the 
pool to the other. A heavy sheet of clear Plexiglas was used as a door to block one of the 
openings. The opaque plastic curtain, manipulated from the bank, could be raised or 
lowered to cover both openings. When it was raised, exposing the two doorways, this 
signaled the beginning of a trial. The Plexiglas door was moved from one opening to the 
other only when the curtain was down, thus concealing the movement. 
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Fig. 6. The Plexiglas door in place in the Plexiglas experiment, whose over-all plan is 
shown schematically in Fig. 5. The door was moved laterally, by tackle operated from the 
shore, in such a way as to close or block one opening or the other on any given trial. 
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the porpoises avoided the solid but in- 
visible Plexiglas door by means of echo 
ranging. The selection of the open door- 
way took place, moreover, while the ani- 
mals were passing through a net of %- 
inch steel wire, which they also avoided. 
The location and discrimination of sub- 
merged objects by reflected sound sig- 
nals is without doubt a necessary and a 
fundamental perceptual avenue for these 


cetaceans. 
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Dosimetry of 


Radioisotopes 


A nomogram permits the estimation of the radiation 


dose delivered by 30 isotopes of biological interest. 


A. J. Bertinchamps and G. C. Cotzias 


The statement that radioisotopes are 
being used with increasing frequency 
both in biology and in medicine need not 
be defended here. Indeed the entire 
problem of irradiation from internally 
received radioisotopes is assuming in- 
creasing importance. Nevertheless, obser- 
vations are often reported merely in 
terms of counts per minute or of milli- 
curies without cognizance of whether the 
isotope provides simply a weak signal or 
a substantial source of energy. Results 
so reported are of little quantitative 
meaning in the evaluation of the degree 
of change to be anticipated in a biologi- 
cal (or other) system. 

A more definitive additional specifica- 
tion, such as the dose rate, is often not 
reported because of the discouragement 
caused by the necessary calculations, 
even when the distortion of a biological 
system is the primary concern. There- 
fore, we have developed a simple nomo- 
gram (Fig. 1) which permits direct read- 
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ing of the dose rate for numerous radio- 
isotopes of biological and medical inter- 
est (1). The use of this device in our 
center has improved the planning of two 
types of experiments—namely, tracer as 
well as radiobiological work. Its use has 
developed the habit of thinking directly 
in terms of the forces at work rather 
than in terms of a partial datum which 
happens to appear on a luminous dial. 

The nomogram permits the reading 
of beta plus gamma dose rate or either 
one alone for the center of a cylindrical 
or of a spherical system. Conversely it 
aids in choosing isotopes for the delivery 
of desired dose rates of radiation. The 
classical dosimetric assumptions (2) 
were employed in constructing it: 1 
microcurie is immediately and homo- 
geneously dispersed per kilogram; the 
system has a density of | and behaves 
like water vis-a-vis irradiation; the entire 
6-particle energy is absorbed by the sys- 
tem, and the gamma rays have a linear 
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absorption coefficient of 0.03 per centi- 
meter. 

The energy due to conversion electrons 
is included with the B energy; brem- 
strahlung is neglected, while x-rays duc 
to k capture are not accounted for. 


Use of the Nomogram 


The formula on which the nomogram 
is based is the classical one 


Dy.,=51.2E,-:n+I,-Gen 
where Dg.» is the dose rate in millirad 
per day at the center of a cylinder or 
sphere due to B and y emission; E is 
the average energy in Mev of the beta 
emission; J, is the dose rate in rad per 
microcurie per day at 1 centimeter due 
to the gamma emission from a point 
source; G is the geometry factor handiing 
variance in size and shape of the system 
[its values were calculated from Marin- 
elli, Quimby, and Hine (3)]; and n is 
the concentration of radioactivity in mi- 
crocuries per kilogram at the onset of the 
observation. 

The beta plus gamma dose rate (per 
hour or per day) is read as follows. 

1) Draw the diagonal corresponding 
to your isotope on scale A. 

2) Choose a cylindrical or spherical 
model, whichever fits your system best. 

3) Draw the vertical from the weight 
or radius of this model to the diagonal 
corresponding to your isotope. 

4) From the intercept draw a horizon- 
tal to scale B. 

5) Connect the new intercept on scale 





The authors are on the staff of the Medical Re- 
search Center, Brookhaven National Laboratory, 
Upton, N.Y. 
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B with your isotope on the average B 
energy scale C. 

6) Read the dose rate on scale D. 

To read B dose rate only or in the case 
of pure B emitters use the nomogram as 
follows. Connect your isotope on scale C 
with the origin of B (at the intercept of 
B with the sphere’s radius scale) and 
read dose rate on scale D. Fo read only 
the gamma dose rate, connect the inter- 
cept on B with the origin of C and read 
dose rate on D. 

Further calculations may be made as 
follows, if desired. 

1) To obtain the dose rate for n mi- 
crocuries per kilogram, multiply by 2, 
which may be any number larger or 
smaller than unity. 

2) To obtain the “infinite dose,” mul- 
tiply by 1.44 T eff. (effective half-life). 


(physical T/2) x (biological T/2) 


T eff. = (physical T/2) + (biological T/2) 





3) To obtain the cumulative dose after 
time ¢, multiply the infinite dose by 


1 — ¢- 0.693 t/T eff. 


Remarks 


The assumptions made in construct- 
ing this nomogram should always be kept 
in mind, particularly in reference to B 
dosimetry: a highly energetic B ray (for 
example, K4?) will not be totally ab- 
sorbed in a small volume (for exam- 
ple, a mouse). The unit of time for the 
dose rate should be chosen very much 
shorter than the effective half-life. The 
latter can be estimated with the above 


Taxonomic Codification 


of Biological Entities 


A system is proposed for taxonomic codification of 


biological entities adaptable to machine handling. 


H. A. Denmark, H. V. Weems, Jr., Carlis Taylor 


The vast accumulation of biological 
data presents the ever-increasing prob- 
lem of filing these data in an easily ac- 
cessible manner. Since efficient methods 
of coding quantitative and qualitative 
data and the use of machine methods 
have proved their value in business and 
in the medical profession, it is time that 
more workers in the biological fields 
realized the advantages of a well-organ- 
ized coded system adaptable to machine 
sorting. 

The need for a uniform taxonomic 
code is becoming more evident with the 
increasing importance of coordinating 
work. Some workers are attempting to 
solve the problem of coding in their 
fields of special interest. G. Congdon 
Wood (1) compiled an unpublished list 
of 24 such people in the United States, 
Canada, England, Italy, and Africa. Of 
the 24 listed, there are 14 people, repre- 


990 


senting as many organizations, using a 
coding system for sorting data. We be- 
lieve that the code proposed in this arti- 
cle could serve the needs of all biolog- 
ical fields, including our own separate 
fields, 

One of the primary purposes of cod- 
ing biological information is to facilitate 
the sorting of mass data by a machine 
system. The increasing number of sub- 
jects to be filed has overtaxed filing sys- 
tems that use a cross-filing index as the 
only means of extracting data. The cod- 
ing of all biological entities would serve 
as a tool for extracting data and would 
not affect the present taxonomic nomen- 
clature. A uniform code would permit 
the rapid exchange of information be- 
tween organizations, and duplicate cards 
could be made available to workers in- 
terested in coded information. Mass sta- 
tistical data could be extracted from 





formula if the biological decay either 
follows a single exponential or is negli- 
gible as compared to the physical decay. 
If this is done, this nomogram will not 
only lead to saving of time and mental 
wear and tear but, if properly used, it 
will also minimize the chance of error. 
Large working copies of this nomo- 
gram, which will be revised if so war- 
ranted by new data, are available. 
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these coded files by machine in a mini- 
mum period of time and with a high 
degree of accuracy. 

Since quantitative and qualitative data 
can be coded, the first problem is to de- 
cide what coding system would best meet 
the needs of biological workers. A cod- 
ing system permitting almost unlimited 
expansion within a category should be 
selected, 

A central clearinghouse for the coding 
of all biological entities should be cre- 
ated and supported by those interested 
in such an undertaking. This would 
necessitate the employment of a full- 
time staff of specialists, which would in- 
clude animal and plant taxonomists and 
trained specialists who would operate the 
machine system. For uniformity of cod- 
ing, the proposed clearinghouse should 
assign all code numbers, and these num- 
bers should be sent to those organizations 
working witi the animals or plants, or 
both, that are being coded. 


Open-Ended Code 


The Entomology Department of the 
State Plant Board of Florida and the 
Statistical Laboratory of the University 
of Florida have adopted an open-ended 
code for the coding of all biological en- 
tities. This code may be described best 
as an “open-ended group classification 
code.” The taxonomic coding of biolog- 
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mologist and entomologist, respectively, of the 
State Plant Board of Florida, Gainesville. Mr. 
Taylor is tabulating supervisor of the Statistical 
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ical categories being coded by the State 
Plant Board of Florida are kingdom, 
phylum, class, order, family, genus, and 
species. Any number of categories may 
be included in this system of open-ended 
coding, but the categories and the num- 
ber of digits for expansion must be de- 
termined in advance. In addition to the 
taxonomic coding of all biological en- 
tities, the location, scientific name of 
specimen, stage of specimen, host, date 
collected, collector, degree of infesta- 
tion, weather, determiners of insects or 
other invertebrates and their hosts, treat- 
ment of specimen, and location of speci- 
men, if preserved, also are coded by the 
Plant Board. 

One digit is provided for kingdom, 
two digits are provided for phylum, two 
digits for class, two digits for order, three 
digits for family, three digits for genus, 
and three digits for species. Up to 9 dif- 
ferent items can be coded for each unit, 
99 for two units, 999 items for three 
units, and so on, For example, the three 
units allotted for species will permit the 
coding of up to 999 species in any one 
genus; this allows for greater numbers of 
items in any one of these categories than 
would ever be needed. 

Taxonomic entities are being coded at 
random rather than phylogenetically or 
alphabetically because of the simplicity 
of adding names to a coded list. Ran- 
dom assignment of code numbers does 
not cause entities to become regimented, 
nor does it necessitate the reassignment 
of code numbers when names are added, 
as would be the case if the names were 
coded alphabetically or phylogenetically. 
The code number remains with a scien- 
tific name, even though the name is 
placed in synonymy. If the synonym 
should prove to be a valid species it will 
have a code number. Thus, for example, 
in order to select all filed data on a ‘par- 
ticular species of insect, one would ma- 
chine-sort all cards for the code number 
of that species and also for the code 
numbers of all synonyms under which 
data have been filed at any time. This, 
of course, requires the maintenance of 
species files, including synonyms, as in 
any other system of filing data relating 
to plants or animals, To put it more 
simply, code numbers are merely sub- 
stituted for words so that data can be 
filed compactly and sorted by machine. 


Clearinghouse 


Coding should be done by the pro- 
posed clearinghouse and should not be 
the responsibility of the separate organi- 
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Table 1. Coded data compiled by the State Plant Board of Florida. 





Homoptera Cicadellidae 


Hortensia ” similis (Walker) 
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zations. This would require the close 
cooperation of all taxonomic workers, 
with each sending all proposed name 
changes to this central clearinghouse for 
coding once the names have been ap- 
proved, or a literature abstracting organi- 
zation could relay names of newly de- 
scribed species to the clearinghouse for 
coding. 

The State Plant Board is the clearing- 
house for the State Plant Pest Survey, 
which is a state and federal cooperative 
project. Several thousand insect indenti- 
fications are made each year. Weekly 
and annual summaries of the insect con- 
ditions are being compiled. The labori- 
ous task of hand-sorting these data would 
require hundreds of hours of secretarial 
time, and errors are often introduced in 
the course of transcribing. Data coded 
for machine-sorting reduce the time re- 
quired to extract information and reduce 
the possibility of errors to a minimum. 
The files of detail cards have been ar- 
ranged alphabetically by class, order, 
family, genus, and species. Two cards 
have been developed for filing data. One 
card is designed to handle all in-state 
reports and is red-striped along the top 
margin; a second card is designed for all 
out-of-state and foreign reports and is 
blue-striped along the top margin for 
ease of visually separating the two types 
of cards, The change by the Plant Board 
from a three-way file (specimen, host, 
and accession number) on 3- by 9-inch 
cards to a one-card file on an I.B.M. 
card has reduced the necessary filing 
space by several dozens of linear feet. 


Machine Installation 


The Plant Board, as a matter of con- 
venience, is using the services of an 
I.B.M. punched-card system that is lo- 
cated on the campus of the University 
of Florida. Many organizations may not 
have sufficient work to justify a machine 
installation. The Plant Board does not 
have machines at this time but plans to 
install a key-punch machine and a sort- 
ing machine. If an organization should 
consider the use of some or all of the 
necessary equipment, it would be ad- 
visable to adopt coding for as many 
phases of its work as possible to defray 
the operating expenses of these machines. 
The Plant Board is presently coding a 


Plant Pest Survey, a Citrus Tree Count 
Survey, and all the invertebrates col- 
lected by the Quarantine Department of 
the State Plant Board at the ports of 
entry. The machine may be used, also, 
for inventories and payrolls. 

An organization need not be located 
near a machine installation. A small or- 
ganization can keep a detail card file 
in its office and send coded information 
to a machine installation that will con- 
tract to punch, sort, and summarize data 
periodically. As an example, the infor- 
mation received from the State Plant 
Board field inspectors and from Florida 
Agricultural Experiment Stations, Flor- 
ida Agricultural Extension Service, com- 
mercial companies, and private citizens 
is coded by the Plant Board. Once the 
reporting form has been received and 
the determination of the specimen has 
been made, the form is rechecked for the 
correct scientific names. All information 
is coded on an 80-column code sheet and 
sent to the University of Florida Statis- 
tical Laboratory. A detail card is filed in 
the office of the Entomology Department 
for a ready reference of individual re- 
ports. Longer reports are summarized 
by the Statistical Laboratory. 

The Plant Board has coded data as- 
sembled over a period of 41/4 years at the 
time of writing of this article. 

Some of the special features of han- 
dling coded data are as follows: 

1) If an insect has been positively 
coded to genus and doubtfully to species, 
it is possible to indicate the doubtful de- 
termination in coded data by overpunch- 
ing at the point that is doubtful. 

2) The disposition code indicates that 
a specimen has been discarded or pinned, 
placed in a preservative, stored in an 
envelope, mounted on a slide, embedded 
in plastic, photographed, or whatever 
the case may be. The collection in which 
the specimen is located may be indicated, 
also. 

3) Parentheses around an author’s 
name are indicated by an ampersand 
before and after the name, since some 
machines are not equipped with paren- 
thesis keys. 

An example of an insect and its code, 
selected from the Plant Board’s coded 
data to show the function of the code, 
is given in Table 1. 

The code indicates the 4th order, the 
4th family within the 4th order, the 10th 
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genus within the 4th family, and the 1st 
species within the 10th genus. The code 
is quite flexible, and, when proper ex- 
pansion is provided for, the system will 
allow for coding of an almost infinite 
number of entities. 


Conclusion 


The State Plant Board of Florida has 
adopted an open-ended code for coding 
biological entities. The system permits 
the coding of quantitative and qualita- 
tive data and the sorting by machine of 


mass data with a high degree of accu- 
racy. Although the form used by the 
Plant Board is designed primarily for 
surveys, the coding by other organiza- 
tions of animals and plants should be 
made uniform to increase the usefulness 
of the code on a world-wide basis, re- 
gardless of the form used. Uniform cod- 
ing can be accomplished best through a 
central clearinghouse. 

On casual consideration this system 
may appear to be expensive and com- 
plicated. Actually, however, the coding 
procedure is relatively simple. Careful 
examination of the total cost of cata- 


News of Science 


Antarctic Research Program at U.S. Stations 


Resumes after Polar Winter 


The onset of the antarctic spring sig- 
naled the resumption of a heavy sched- 
ule of International Geophysical Year 
scientific activities in Antarctica. After 
long months of polar darkness, the 70 
scientists who wintered over at the seven 
United States IGY stations have acceler- 
ated work in a broad range of geophysi- 
cal missions. Many of them have moved 
from winter quarters into the field. 


Study Subjects 


Antarctica’s structure beneath its thick 
coating of ice, the frigid region’s effect 
on world weather and climate, its influ- 
ence on global communications, its geo- 
logic history and geophysical future, are 
among the subjects in the scientific study 
of this vast land area. The all-out scien- 
tific effort also includes accumulation of 
significant data on aurora and airglow, 
cosmic rays, geomagnetism, glaciology, 
gravity, ionospheric physics, meteorology, 
and seismology. Shipboard rocketry ex- 
periments and oceanographic research, 
as well as special station studies in bo- 
tany, zoology, and microbiology, will be 
conducted. 


Traverses 


Much of the scientific information to 
be collected by U.S. scientists in the 
coming season as the [GY nears its end 
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will be gathered on a series of major 
oversnow traverses (see map on page 
993). The surface traverse parties, mov- 
ing in tractors fitted with electronic ap- 
paratus for detection of crevasses, will 
conduct seismic, glaciological, and other 
geophysical studies. One traverse de- 
parted from Little America Station 
about 15 October in an attempt to cross 
the Ross Ice Shelf to the top of the 
Skelton Glacier and continue to Victoria 
Land Plateau. Another traverse will start 
1 November from Byrd Station in Marie 
Byrd Land, covering the territory be- 
tween the station and the Horlick Moun- 
tains, skirting the northern edge of the 
Horlick Mountain Range for a distance 
of 200 to 300 miles, and then returning 
to Byrd Station. A third traverse will pick 
up from Ellsworth Station, near the 
Weddell Sea coast, and continue on to 
Byrd Station. The traverse parties use 
seismic techniques to measure ice thick- 
ness and to determine the character of 
the subglacial floor and of exposed land 
areas. 

Besides the oversnow treks, an airborne 
traverse is planned. This will follow a 
course running southward from Mount 
Waesche to the northern edge of the 
Horlick Mountains. The study group, 
traveling in ski-equipped planes, will 
land at 50-mile intervals for seismo- 





loging, extracting, and analyzing data 
and the comparative ease of performing 
the operations that are described in this 
article shows the system to be eco- 
nomical. 

If the idea of standardizing is accepted 
by biologists, it might result in our being 
able to compare results better and in ex- 
pediting the obtaining of information 
pertaining to such subjects as life his- 
tories, populations, and distribution. 


Note 


1. Dr. Wood is head of the Biology Group of 
the Chemical-Biological Coordination Center, 
Washington, D.C. 


graphic soundings probing the depth of 
the antarctic ice sheet. It will also engage 
in gravity observations and glaciological | 
work, 


Personnel 


Scientific leaders at the U.S. IGY 
antarctic stations are: Little America 
Station, Albert P. Crary; Byrd Station, 
Stephen S. Barnes; Wilkes Station, Wil- 
lis L. Tressler; Ellsworth Station, Mat- 
thew J. Brennan. At Hallett Station, a 
joint United States-New Zealand under- 
taking, the scientific leader is a New 
Zealander, K. J. Salmon. Recently, the 
study group which wintered over at the 
various stations was augmented by some 
70 additional colleagues who were trans- 
ported to Antarctica for summer-season 
research. Some of the newcomers will re- 
main for the next winter, relieving cur- 
rent IGY personnel. 


Past Work 


IGY scientists in Antarctica have al- 
ready collected much significant infor- 
mation: 

Seismic measurements of ice thickness 
indicate that there is probably 40 per- 
cent more ice in Antarctica than was 
previously thought. Scientists from the 
Byrd Station, for example, measured ice 
14,000 feet thick, resting on bedrock 
8200 feet below sea level; this may be 
the thickest ice measured anywhere in 
the world. 

The antarctic ice covering is estimated 
to have been, at one time, as much as 
1000 feet thicker than it is now. Not yet 
known, however, is whether the total ice 
mass is presently increasing or decreas- 
ing. 

A record low temperature of — 125.3°F 
was reported by Soviet scientists at an 
IGY station near the center of Ant- 
arctica. At the South Pole itself, U.S. 
IGY radiation studies have shown that 
during the antarctic midsummer the pole 
receives more sunlight than any other 
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place on earth. But up to 95 percent of 


this radiation is reflected by the ice 
cover, leaving the pole one of the coldest 
spots in the world. 

United States IGY traverse parties 
discovered a new mountain range, and a 
deep underwater trough running from a 
point 35 miles east of Ellsworth Station 
and averaging 3500 feet below sea level. 

Deep drilling operations, which at 
Byrd Station already have reached more 
than 1000 feet into the ice, have brought 
up cores of ice which fell as snow over 
1000 years ago. These operations will be 
continued at Little America. Analysis of 
the ice cores is expected to add greatly 
to knowledge of past climates. 

The U.S. IGY effort in Antarctica is 
supported logistically by the Navy’s Task 
Force 43, commanded by Rear Admiral 
George Dufek. The task force assign- 
ment, a continuation of a massive job 
begun under Dufek’s leadership in 1955, 
carries the code name Operation Deep 
Freeze IV. 


Future Plans 


Upon conclusion of the International 
Geophysical Year, 31 December, U.S. 
scientific activity in Antarctica will be 
conducted by the National Science Foun- 
dation in cooperation with the National 
Academy of Sciences’ Committee on 
Polar Research. Four U.S. stations are to 
remain in operation when the IGY ends. 
They are the Amundsen-Scott South 
Pole Station, located at the geographic 
bottom of the world; the Naval Air Fa- 
cility at McMurdo Sound; Byrd Station; 
and Hallett Station on Cape Hallett in 
the Ross Sea, supported jointly by the 
United States and New Zealand. 

Eleven other nations are carrying on 
scientific programs in the Antarctic as 
part of the IGY. They are Argentina, 
Australia, Belgium, Chile, France, Japan, 
New Zealand, Norway, the Union of 
South Africa, the U.S.S.R., and the 
United Kingdom. Custody of the Ells- 
worth Station is to be taken over by Ar- 
gentina, and Australia is to take super- 


vision of Wilkes Station on the Knox 
Coast. 


Solar Eclipse 


On 12 October 1958 the sun was 
totally obscured by the moon for ob- 
servers along a narrow strip of the 
earth’s surface beginning at dawn in the 
South Pacific east of New Guinea and 
extending eastward some 9000 miles to 
sunset at the west coast of South Amer- 
ica. Near the midway point along this 
strip, a few hundred miles south of 
Tahiti, the maximum duration of total- 
ity occurred: 5 minutes and 12 seconds. 
This was a longer-than-average period 
of totality; the maximum possible dura- 
tion is 7 minutes and 31 seconds. 

The narrow path of totality, up to 124 
miles wide, was almost entirely over 
water. It touched, in addition to the 
western part of South America, only 
eight small land areas—islands or island 
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groups—in the South Pacific. Among 
these were the Danger Islands in the 
Cook group. 

American observing groups selected as 
their site Motu Koe, the southernmost of 
the three Danger Islands and the one 
closest to the center of the path of total- 
ity. Transportation and logistic support 
for the observers were supplied by the 
Department of Defense. The Navy fur- 
nished a vessel, the LSD U.S.S. 
Thomaston, both to transport scientists 
and equipment and to serve as a base 
of operations. 


The Eclipse and The IGY 


This unusually long eclipse was of 
particular importance because of its oc- 
currence during the International Geo- 
physical Year. The scheduling of the 
IGY from July 1957, to December 1958, 
was intended to coincide with a peak 
period in the cycle of sunspot activity. 
Solar eruptions during such periods are 
followed by many observable effects on 
the earth and its atmosphere, such as 
cosmic ray storms, auroral displays, dis- 
turbances in the ionosphere, magnetic 
fluctuations, and disrupted radio com- 
munications. 

The eclipse also afforded the oppor- 
tunity to coordinate observations of a 
variety of terrestrial conditions, by the 
many widely scattered IGY stations, with 
observations of solar features and ter- 
restrial effects during an eclipse. For 
the first time, high-altitude research 
rockets were used to study the effects 
of an eclipse on the stratosphere and the 
ionosphere. 


First Details of New Space 
Agency Organization 


Appointments to the top management 
of the new National Aeronautics and 
Space Administration were announced 5 
October by T. Keith Glennan, adminis- 
trator of NASA. Initially, the organiza- 
tional structure provides for three prin- 
cipal areas of activity—namely, space 
flight development, aeronautical and 
space research, and business administra- 
tion. 

Reporting to the office of the admin- 
istrator are the directors of each of these 
areas: Abe Silverstein, John W. Crowley, 
Jr., and Albert F. Siepert. 

Glennan described the NASA organi- 
zation as follows: 

“In the first category, NASA will be 
concerned with the entire spectrum of 
space flight operations including the de- 
sign and procurement of vehicles and 
satellite payloads, the launching and 
monitoring of scientific satellites, the ac- 
cumulation and reduction of data, and 
activities supporting the objective of 
launching man into space. 
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“In the second category, the long- 
established and highly regarded labora- 
tories acquired from the NACA will con- 
tinue their programs of basic and applied 
research in support of aeronautics and 
space science and technology. Additional 
effort in this area of activity will be sup- 
ported in the laboratories of industry 
and educational and non-profit institu- 
tions. 

“The third category, business adminis- 
tration, includes the business functions of 
any well-run organization, such as the 
development of fiscal and budgetary 
policies, of contracting policies and their 
implementation, of policies relating to 
personnel administration, plant opera- 
tion and security, and the provision of 
administrative policy guidance for the 
decentralized operation of NASA’s re- 
search centers and field stations.” 


Proposed Institute for Study 
of Man in Africa 


When at the end of 1958 Raymond 
A. Dart retires from the chair of anat- 
omy at the University of the Witwaters- 
rand, which he has held since 1923, it 
is planned that his work be continued 
and extended by the establishment of an 
Institute for the Medical and Anthropo- 
logical Study of Man in Africa. 

A group of past and present students 
and colleagues of Dart have conceived 
the idea of the institute, the purpose 
of which would be to advance the study 
of the living peoples of Africa in health 
and disease and to serve as a museum, 
research, and teaching center. The ob- 
jectives of the proposed institute are set 
forth by the organizing committee in its 
constitution as follows: 

1) The institute shall advance the 
study of the peoples of Africa today in 
health and disease, their bodily struc- 
ture, function and pathology, diet and 
nutrition, genetics and racial composi- 
tion, disease patterns, climatic adapta- 
tions, demography, physical anthropol- 
ogy, psychological problems and cultures, 
including art, music, languages, social 
and tribal structure, and psycho-social 
attitudes. 

2) In the second place, the institute 
shall advance the study of man’s ances- 
tors in Africa, their fossil remains, mi- 
grations, hybridizations, climatic back- 
ground, associated flora and fauna, and 
cultures, including implements and other 
cultural objects, artistic creations and 
burial customs. 

3) The institute shall foster and facil- 
itate research in the laboratory and in 
the field; provide educational facilities, 
both intra-mural and extra-mural; set 
up a museum of Africana, which shall 
serve as a repository for collections 
within the University of the Witwaters- 





rand bearing on the subject of man in 
Africa, past and present; build up a li- 
brary and set up a centre for the col- 
lection, classification and dissemination 
of information on all relevant aspects of 
man in Africa. 

Africa’s need for workers in all of 
these fields is great, and it is expected 
that one great service which such an 
institute would fulfil, would be to draw 
young men and women into such work 
and to train competent personnel for 
field-work up and down the continent. 
Another important aim should be to 
provide adequate facilities for, and en- 
couragement to, visiting scientists from 
overseas to spend periods working on 
African material. 

Dart’s record has included the dean- 
ship of the Medical Faculty in Johannes- 
burg from 1925 to 1943, membership on 
the board of the South African Institute 
for Medical Research from 1934 to 1948 
and on the Medical Advisory Committee 
of the Council for Scientific and Indus- 
trial Research from 1946 to 1948. He 
has served as president of the South 
African Association for the Advance- 
ment of Science and received the asso- 
ciation’s gold medal in 1939. Among his 
greatest achievements have been his con- 
tributions to all aspects of the study of 
man in Africa, not least of which has 
been his discovery and appraisal of the 
South African fossil ape-men, the Aus- 
tralopithecinae. 


Seawolf 


On 6 October the atomic submarine 
Seawolf surfaced off New London, 
Conn., after a record-breaking continu- 
ous submersion which lasted for 60 days. 
The previous record, set by the Seawolf’s 
sister ship Nautilus, was 31 days and a 
few hours. The Seawolf’s feat was held 
to have significance for a number of 
fields, chiefly naval warfare and space 
exploration. Admiral Hyman G. Rick- 
over, commenting on the performance, 
said it was now possible to establish a 
hidden base beneath the sea. For the 
field of astronautics, with its problem of 
the extended isolation of space travelers, 
the experience of the crew of the Seawolf 
is expected to have considerable value. 


New Atomic Reactor 


A prototype of a nuclear reactor which 
is designed for space-vehicle propulsion 
will be tested soon at an Atomic Energy 
Commission facility near Mercury, Ne- 
vada. The basic design of the reactor 
calls for the injection of gases into a 
fission reaction, their sudden and ex- 
treme heating by it, and their expulsion 
through directing nozzles for propulsion. 
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So little is known about the actual per- 
formance of this radical design that 
elaborate safety precautions are being 
employed in the pretest preparations. A 
two-mile railroad track will carry the re- 
actor from the engineering center to the 
instruments that will test its performance. 
It will then be returned to the engineer- 
ing center for further examination. 

As an additional safety precaution, the 
test center itself is laid out in the form 
of a triangle, with the test bunker, the 
engineering center, and the control cen- 
ter placed at the three angles. A distance 
of two miles separates each unit from 
the adjacent units. 


Radioactivity Catalog 


A world-wide search has been launched 
to locate at least 2000 persons who were 
exposed to radium poisoning during the 
period 1920-1930. 

A program initiated by the Massachu- 
setts Institute of Technology looks to- 
ward the establishment of a central cata- 
log agency which would serve as a major 
source of information on the effects of 
radioelements in the body. The search 
is primarily directed toward locating 
persons who were exposed to radium 
either in connection with their work (for 
example, the painting of luminous watch 
dials) or as a part of medical treatment. 

The central catalog, to be set up at the 
Radioactivity Center of the institute, will 
record information on persons who have 
carried radioactive material in their bod- 
ies for a generation or more. All physi- 
cians have been requested to aid in the 
search, which is being conducted with 
the cooperation of the division of biol- 
ogy and medicine of the Atomic Energy 
Commission. 


Uranium Isotopic Standards 


The National Bureau of Standards, in 
cooperation with the Atomic Energy 
Commission, has prepared the first of a 
series of uranium isotopic standards for 
use by educational and research institu- 
tions and industry in the United States 
and abroad. Ten standard uranium iso- 
topic samples became available from the 
bureau on 1 October 1958. Five addi- 
tional uranium standards are in prepara- 
tion to complete a series of fifteen. 

Standards for other atomic energy ma- 
terials such as plutonium and thorium 
will be made available under a continu- 
ing program intended to provide mate- 
rials of known certified composition 
which will be universally acceptable as 
analytical standards. 

Order forms for domestic use (AEC 
contractors and licensees) may be ob- 
tained from the National Bureau of 
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Standards, Washington 25, D.C. Orders 
from foreign sources should be submitted 
to the Division of International Affairs, 
U.S. Atomic Energy Commission, Wash- 
ington 25, D.C. 


New Detector for Infrared 
Radiation 


Scientists at the Westinghouse Re- 
search Laboratories have developed a 
new infrared detector. The device, so 
sensitive that it can respond to less than 
0.05 x 10°® watt of infrared (heat) radi- 
ation, was developed by Max Garbuny, 
J. R. Hansen, and T. P. Vogl, in con- 
sultation with Henry Levinstein of Syra- 
cuse University. 

Every object above the absolute zero 
temperature of outer space emits infra- 
red radiation, which is generated inside 
the molecules of a material as a result 
of their own thermal motion. The higher 
the temperature, the faster the molecules 
move, and the more energetic and 
shorter in wavelength is the infrared ra- 
diation emitted by the body. The infra- 
red wavelengths lie between the wave- 
lengths of visible light and microwaves. 

The function of an infrared detector 
is to convert infrared radiation into elec- 
trical signals that can be amplified and 
seen. It is the “heart,” as well as the 
most critical component, of complete in- 
frared systems, which are assuming ever- 
increasing importance in a variety of 
scientific and military tasks. These sys- 
tems are used for guiding missiles to a 
target, for detecting missiles and fast- 
flying aircraft, for making “heat pic- 
tures” of the ground in the complete 
absence of light, for studying the radia- 
tion from stars and other celestial bod- 
ies, and for a variety of similar purposes. 
The detector is potentially very useful 
in medical research, astronomy, exact 
scientific experimentation and industrial 
control. 

Since the sensitivity and frequency re- 
sponse of a photoconductive infrared de- 
tector are increased by operating it at 
low temperatures, the new detector is 
cooled to a temperature of —320°F by 
surrounding it with liquid nitrogen in a 
special container. 


Grants, Fellowships, and Awards 


Mathematics. The School of Mathe- 
matics of the Institute for Advanced 
Study will allocate a small number of 
grants-in-aid to gifted young mathema- 
ticians and theoretical physicists to en- 
able them to study and to do research 
work at Princeton during the academic 
year 1959-60. Candidates must have 
given evidence of ability in research 
comparable at least with that expected 


for the degree of doctor of philosophy. 
Blanks for application may be obtained 
from the School of Mathematics, Insti- 
tute for Advanced Study, Princeton, 
N.J., and are returnable by / January 
1959. 

Medicine and dentistry. The Univer- 
sity of Rochester has established a pro- 
gram of postdoctoral fellowships to be 
awarded graduates of approved medical 
schools to enable them to pursue research 
in any of the departments of the School 
of Medicine and Dentistry. The Buswell 
fellowships are intended to assist well- 
qualified doctors of medicine to prepare 
adequately for academic careers. Junior 
fellowships will be awarded to medical 
graduates who have completed at least 
1 year of internship or equivalent train- 
ing. Research experience is not required 
but will be of advantage. Research in- 
terest and promise are essential. Stipends 
range from $4500 to $6000 per year. 
Senior fellowships will be awarded to 
medical graduates who have held a 
junior fellowship for 2 or 3 years or have 
had comparable experience in medical 
research and wish to continue in an aca- 
demic career. Stipends range from $5500 
to $8000 per year. 

Applications for Buswell fellowships 
will be received at any time. Additional 
information and application forms may 
be obtained from Dr. L. E. Young, Chair- 
man, Committee on Buswell Fellowships, 
University of Rochester Medical Center, 
260 Crittenden Boulevard, Rochester 20, 
NGY. 


News Briefs 


A major oceanographic research pro- 
gram for the Indian Ocean is being pre- 
pared by the Special Committee on 
Oceanographic Research of the Inter- 
national Council of Scientific Unions. 
The study, to take place during the pe- 
riod 1961-62, will be an international 
effort with scientists from the United 
States, the Soviet Union, the countries 
bordering the Indian Ocean, and others 
participating. Among the problems to 
be studied will be the mass mortality of 
fish, the ocean’s floor, and the effect of 
monsoon winds on the currents and lay- 
ers of the ocean. A fleet of at least 16 
research ships is expected to be used in 
the program. A total cost of $4 million is 
the current estimate for the year-long 
program. 

eB 

The more than 600 technical papers 
presented by American nuclear scientists 
at the second International United Na- 
tions Conference on Peaceful Uses of 
Atomic Energy held in Geneva 1-13 
September have been published by the 
Atomic Energy Commission and are for 
sale by the Office of Technica! Services, 








U.S. Department of Commerce, Wash- 
ington 25, D.C. A list of the papers may 
be obtained from OTS for 25 cents. 

* * * 

The name of the University of Penn- 
sylvania’s School of Auxiliary Medical 
Services has been changed to the School 
of Allied Medical Professions. The aca- 
demic programs at the school offer 
bachelor of science degrees in physical 
therapy, occupational therapy, oral hy- 
giene, and medical technology. The 
school also offers certificates in physical 
therapy and occupational therapy to 
graduate students who have’ received 
their bachelor’s degrees. 

* * * 

In an Air Force demonstration last 
month a Bomarc missile “destroyed” a 
1000-mile-an-hour target missile. Al- 
though both missiles were launched at 
the Cape Canaveral test center, the 
Bomarc was under fire control by a 
SAGE air defense network center at 
Kingston, N.Y., 1500 miles away. The 
target missile was flying 75 miles away 
from the test center at an altitude of 
4800 feet. The “knock-down” was simu- 
lated—recorded by an instrument—and 
the target missile later crashed near the 
cape landing strip. 

* * * 

The National Science Foundation hs 
announced that 642 grants totaling $12,- 
162,513 were awarded during the quarter 
ending 30 June 1958 for the support of 
basic research in the sciences, for con- 
ferences in support of science, for ex- 
change of scientific information, and for 
training of science teachers, This is the 
fourth group of awards to be made dur- 
ing fiscal year 1958. During the first three 
quarters, awards totaled approximately 
$25.2 million. 


Scientists in the News 


Sir RUDOLPH PETERS, a biochem- 
ist of Babraham College, Cambridge 
University, was elected president of the 
International Council of Scientific 
Unions at the closing meeting of that 
body’s general assembly in Washington. 
W. A. ENGLEHARDT of the Acad- 
emy of Sciences of the U.S.S.R. and 
PERE LEJAY of France were elected 
vice presidents. NICOLAI HERLOF- 
SON of the Royal Institute of Technol- 
ogy, Stockholm, Sweden, became secre- 
tary-general, and E. HERBAYS of 


Belgium was reelected treasurer. 


The American Institute of Electrical 
Engineers’ Medal in Electrical Engineer- 
ing has been awarded to J. F. CAL- 
VERT of the University of Pittsburgh, 
“in recognition of his distinguished serv- 
ice as a teacher of electrical engineering 
and as evidence of the high esteem in 
which his contributions are held by his 
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fellow members of the American Insti- 
tute of Electrical Engineers.” Calvert, 
who is head of his university’s electrical 
engineering department, will be _pre- 
sented the medal on-27 October during 
the opening session of the institute’s 5- 
day fall general meeting at Pittsburgh. 


The four winners of the American 
Heart Association’s 1958 Howard W. 
Blakeslee Awards are as follows: 

EUGENE J. TAYLOR, science 
writer, the New York Times, for a series 
of four articles which explained the na- 
ture and effects of cerebrovascular ac- 
cidents, or strokes. The articles were 
published 28 through 30 November 
1957. 

LEE GEIST, management editor, 
Business Week, for his article, “Must 
Cardiacs Go on the Shelf?,” which sur- 
veyed the attitudes of business and the 
medical profession regarding the em- 
ployment of persons who have suffered 
a heart attack. The article was published 
on 8 June 1957. 

“Hemo the Magnificent,” television 
film, illustrating the function of the 
heart and the circulation of the blood, 
produced by Frank Capra as one of the 
Bell System Science Series and broad- 
cast over the CBS—TV network on 20 
March 1957. 

“Stroke,” a live-television program 
broadcast on 27 April 1957 which 
showed how stroke victims can be helped 
by early rehabilitation in the hospital 
and in the home. The program was part 
of the “Medical Horizons” series spon- 
sored by Ciba Pharmaceutical Products, 
Inc. 


JAMES J. STOKER, Jr., associate 
director of New York University’s In- 
stitute of Mathematical Sciences, has 
been named director of the institute. 
He succeeds RICHARD COURANT, 
who retired on 31 August. Courant is 
now professor emeritus of mathematics 
and science adviser to the university. 


Scientific visitors to the United States 
from the United Kingdom include the 
following, 

R. GOLDSMITH, a member of the 
Medical Research Council’s scientific 
staff at the National Institute for Medi- 
cal Research, Division of Human Physi- 
ology, London, is spending 6 to 8 weeks 
(which began early in September) in 
the department of pathobiology, Johns 
Hopkins University. Following his visit 
there, he will join a research party that 
is to be sent to the Antarctic for about 
7 months. 

D. W. GREEN, member of the Medi- 
cal Research Council’s external staff at 
Davy Faraday Research Laboratory, 
Royal Institution, London, will spend a 
year with Rich at the Massachusetts In- 
stitute of Technology. 





J. MANDELSTAM of the bacterial 
physiology division, National Institute 
for Medical Research, London, has been 
granted leave of absence for a year to 
take up a research fellowship in the 
department of bacteriology at the Har- 
vard Medical School from 1 October 
till 31 January 1959, and to work with 
Holvorson at the University of Wiscon- 
sin from 1 February till 30 September 
1959. 


ROBERT E. WOODSON, Jr., pro- 
fessor of botany at Washington Univer- 
sity, has been appointed curator of the 
herbarium of the Missouri Botanical 
Garden. 


HENRY W. RIECKEN, Jr., professor 
of sociology at the University of Minne- 
sota, has been appointed program di- 
rector for social science research at the 
National Science Foundation. He re- 
places HARRY ALPERT, who has ac- 


cepted a position as dean of the Gradu-. 


ate School, University of Oregon. 


JOSEPH SIMON, formerly of the 
University of Wisconsin, has been ap- 
pointed associate research professor in 
the Cancer Research Laboratory of the 
University of Florida, He is in charge of 
the section on experimental pathology. 


JOHN S. HALL became director of 
the Lowell Observatory on 1 September. 
For the past 10 years Hall was director 
of the Astrometry and Astrophysics Divi- 
sion of the U.S. Naval Observatory. 


CLAUDE E. SHANNON has been 
appointed to be the first Donner profes- 
sor of science at Massachusetts Institute 
of Technology. The chair was established 
recently with a grant of $500,000 from 
the Donner Foundation of Philadelphia. 


JOHN L. FULLER, senior staff scien- 
tist at the Roscoe B. Jackson Memorial 
Laboratory, has been appointed assistant 
director for training at that institution. 
Effective 1 October, Fuller will direct all 
educational programs at the Jackson 
Memorial Laboratory. These include 
training courses for students at all levels, 
from precollege through postdoctoral 
grade. 


ELWOOD R. QUESADA, lieutenant 
general, U.S. Air Force (ret.), has been 
appointed by President Eisenhower to 
head the newly established Federal Avia- 
tion Agency. He had been the President’s 
special assistant on aviation matters. 


E. LENDELL COCKRUM. associate 
professor of zoology at the University of 
Arizona, has been appointed research as- 
sociate in the department of mammals 
of the American Museum of Natural 
History in New York. 
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Book Reviews 


A History of Technology. vol. III. From 
the Renaissance to the Industrial 
Revolution, c. 1500-c. 1750. Charles 
Singer, E. J. Holmyard, A. R. Hall, 
Trevor I. Williams, Eds. Clarendon 
Press, Oxford, England, 1957 (order 
from Oxford Universtiy Press, New 
York). xxxvii + 766 pp. Illus. + plates. 
$26.90. 


With the appearance of this, the third 
of five proposed velumes relating a his- 
tory of technology to the beginning of 
the 20th century, readers of the first two 
volumes should carefully reread the ear- 
lier prefaces. For as this monumental 
project creeps ever closer to modern 
times, it becomes abundantly clear, as 
the editors had warned, that the extreme 
selectivity necessary even in five bulky 
volumes precludes all possibility of an 
ideal, definitive history. In the preface 
to volume II the editors wrote, “When 
completed, this History will provide a 
moderately comprehensive survey of the 
development of western technology.” | 
feel that it is very important for all read- 
ers of these volumes, especially of the 
later ones, to realize that this statement 
reflects no false modesty on the part of 
the editors, but rather reflects their seri- 
ous awareness of the dilemmas inherent 
to their undertaking. 

Two difficulties are especially appar- 
ent in this third volume and will no 
doubt be felt even more keenly in the 
succeeding volumes. First, there is the 
anomaly in the historian’s art whereby 
the “definiteness” of a historical picture 
is sometimes related by inverse propor- 
tion to the amount of available data. If 
one writes about, say, astronomical in- 
struments in antiquity, where the amount 
of extant information is all too finite, the 
problem of creating a history of such in- 
strumentation may be one of gathering 
even enough information to make mean- 
ingful statements. But, on the other hand, 
in such a case it is at least possible to 
accurately and exhaustively treat the 
available data and to make more or less 
plausible conjectures on the basis of 
them, and in this limited sense one might 
call such history definitive. The opposite 
extreme occurs when the historian must 
either catalog a near-infinite amount of 
data or attempt the type of value judg- 
ments involved in selecting “representa- 
tive” data. Obviously the problem has a 
time dimension: in the vast majority of 
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cases, the nearer history comes to the 
present, the greater the amount of avail- 
able data, and hence the problem of di- 
gestion or indigestion. 

One might recall here two recent ex- 
amples of historians who directly faced 
this problem. When the late George 
Sarton regretfully ended his labors on 
his great Introduction to the History of 
Science (Williams and Wilkins, 1927- 
48), he found that it had taken almost 
as many pages to deal with the 14th cen- 
tury alone as with the entire period from 
Homer to Roger Bacon. It was his con- 
sidered view that no one scholar work- 
ing alone could hope to continue the 
project on such a scale, due to the sheer 
enormity of the data bearing on science 
in later centuries. Lynn Thorndike’s half- 
century odyssey in the preparation of a 
History of Magic and Experimental Sci- 
ence (Columbia University Press, 1923- 
58) led him to similar conclusions, with 
the result that he has ended his history 
with the 17th century. 

In the present case, the editors have 
been determined not to bog down in the 
Middle Ages but to face the problem by 
being “highly selective in their choice of 
topics for discussion, and have perforce 
imposed on authors restrictions of space 
that have rendered their tasks far from 
easy.” Thus, we shall have a “moderately 
comprehensive survey,” carrying the 
story down to our own century, through 
the process of choosing what appear at 
this time to be crucial or at least typical 
technological developments. 

The second difficulty is not unrelated 
to the first. It is simply the fact that the 
historian synthesizing the story of our 
more recent technological past must do 
so with the benefit of far fewer detailed 
monographic studies. The reasons for 
this are perhaps not hard to find. The 
long tradition of classical and medieval 
studies, again with the seeming benefit 
of there being comparatively limited 
data for analysis, has encouraged the 
production of monographic studies of 
ancient technology. This is apparent in 
the earlier volumes of the present work, 
where, for example, the learned scholar 
R. J. Forbes essentially summarizes por- 
tions of his life’s work of detailed study 
of ancient science and technology. Un- 
fortunately the ground has not as yet 
been spaded very deeply in many areas 
of technology from the Renaissance to 
the present. This may result, I feel, in an 


unevenness in the real evidence behind 
the conclusions reached in this study, 
both in terms of areas of technological 
activity within a given time period and 
also from volume to volume represent- 
ing different time periods. It might also 
result in an unwary reader assuming that 
the articles in the later volumes have 
an authoritativeness which the authors 
themsleves would hesitate to claim. 

As an example of the need for further 
monographic studies before a survey of 
this sort is completely feasible, we might 
look at page 345 of A. P. Usher’s other- 
wise splended article “Machines and 
mechanisms.” This section was certainly 
written before he was acquainted with 
the History of the Gear Cutting Machine, 
one of the series of monographs. under- 
taken by my colleague Robert S. Wood- 
bury to provide the scholarly basis for his 
history of tools. In the light of Wood- 
bury’s evidence, the last two paragraphs 
of this section (as I am sure Usher would 
be the first to admit) need complete 
revision. 

The clock- and watchmakers were in 
only a very few cases interested in scien- 
tifically correct shapes for their gear 
teeth, and even those who knew the theo- 
retical results, such as Thomas Reid of 
Edinburgh, felt the design of such teeth 
to be too complex to be worth the 
trouble. In any case, the results of the 
mathematicians’ work were generally 
published in Latin and often appeared 
in erudite scientific journals unknown to 
clockmakers. Thiout made no new con- 
tributions to the theory at all and only 
reprinted Camus’ paper of 1733. Al- 
though Camus’ work began in 1733 and 
not in 1735, it certainly was far less im- 
portant than the analysis of de La Hire, 
upon which Camus admitted he had 
based his own contributions. Actually, 
the theory of gear teeth was not in a 
form which practical men could use be- 
fore the appearance of John Issac Haw- 
kins’ Teeth of Wheels (London, 1806), 
although there were a number of rule- 
of-thumb handbooks, such as Jacob Leu- 
pold’s Theatrum machinarum generale 
(Leipzig, 1724). 

Woodbury also shows in detail, in an 
article to appear in an early issue of Jsis, 
that Desargues, and not Roemer or de 
La Hire, was the first to advocate epicy- 
cloidal teeth for gears, probably as early 
as 1644-49. Huygens never claimed to 
have orginated this theory and gave the 
credit both to Roemer and to Desargues. 

The men who developed the mathe- 
matical theory of gear teeth were, if any- 
thing, more interested in improving effi- 
ciency and reducing wear in gearing for 
various types of mills than for clocks. To 
be sure, the theory had little effect in 
industrial practice until after Hawkins 
(in 1806) and Willis (in 1841), but 
neither were the machine tools and the 
knowledge for precision and complexity 
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“fully worked out on this small scale” 
of clocks and watches in the early 18th 
century. Yet Polhem’s gear-cutting ma- 
chine dates from 1729, and Rehe’s gear- 
cutting machine, first described in 1783, 
had probably been used for cutting 
wheels for the silk-reeling works built by 
Boulton about 1780 for the East India 
Company. The gears for Rennie’s Albion 
Mill (built during the period 1784-88) 
had epicycloidal teeth carefully chipped 
and filed to shape. 

In short, the very able scholars who 
wrote the articles in this volume in many 
cases simply do not have—because they 
do not exist—the adequate monographic 
studies on which to build a scholarly his- 
tory of technology. 

Nevertheless, it would be worse than 
invidious were I not to point out the ex- 
cellent qualities everywhere apparent in 
this difficult-to-write volume. It is or- 
ganized into five parts, essentially match- 
ing the divisions of volume II, each of 
which contains numerous articles with 
short but useful bibliographies. As in the 
preceding volumes, the illustrations are 
accurate and germane, and the plates at 
the end of the volume are nothing short 
of magnificent. The reader will at once 
realize that much thought and searching 
has gone into the selection of the illus- 
trative material, so important in conceiv- 
ing of the history of man’s relation with 
material things and objects. Perhaps the 
dominant theme throughout the work— 
or at least the notion most strongly rein- 
forced for me—is that during these fer- 
tile two and one-half centuries, the 
period of the scientific revolution, what 
we often call pure science affected tech- 
nology very little. This was still a crafts- 
man’s age, despite the tremendous con- 
ceptual upheaval that attended the down- 
fall of scholasticism and the birth of 
modern science. Repeatedly our authors 
conclude that science, as we know it, 
began seriously to instigate technological 
changes only at the end of the 18th and 
beginning of the 19th centuries. This is 
perhaps a truism to which everyone 
would agree, but the authors in this proj- 
ect can do a great service by teaching us 
more of the details of this transition. For 
this and similar reasons we anxiously 
await the concluding volumes. 

WiiuraM D. StAHLMAN 
Department of Humanities, 
Massachusetts Institute of Technology 


Ionographie. Les émulsions nucléaires. 
Pierre Demers. University of Mon- 
treal Press, Montreal, Canada, 1958. 
835 pp. + plates. Illus. $20. 


Ionographie (which deals with the 
self-inscription of the path of fast 
charged nuclear particles traversing pho- 
tographic emulsions) can be said to be 
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the first comprehensive work on this im- 
portant tool of modern nuclear physics. 
The title selected for this monumental 
work by Pierre Demers is perhaps apoca- 
lyptical, in view of the disturbing and 
restless age we are living in—“The Mov- 
ing Finger writes; and, having writ,/ 
Moves on.” In the English-speaking 
world the subject is usually referred to 
as nuclear emulsions, in an effort to dif- 
ferentiate the specially tailored photo- 
graphic emulsions useful in the record- 
ing and discrimination of the tracks 
produced by the diverse fast-moving nu- 
clear particles from the more common 
optical emulsions. 

That alpha particles produced indi- 
vidual tracks in fine-grained emulsions, 
readily resolvable with the aid of the mi- 
croscope, was known on the Continent as 
early as 1909. The technique, however, 
did not gain favor with experimentalists 
in the field of radioactive measurements 
until after the discovery of the neutron. 
This massive uncharged projectile racing 
through an emulsion will collide with 
the hydrogen nuclei of the gelatin and, 
at a given angle of incidence, will im- 
part enough kinetic energy to the ionized 
nucleus so that it records a “proton- 
recoil track” in the recording medium. 

The emulsion became an important 
competitor with the Wilson cloud cham- 
ber as a means of visualizing the path 
of charged particles during the early 
days of the Manhattan Project, when it 
became necessary to discriminate and 
elucidate the properties of the newly 
discovered fission fragments from the 
alpha particles emitted in the spontane- 
ous decay of the uranium isotopes. De- 
mers, as a member of the Canadian 
group, was particularly active in this 
field and was able to demonstrate, with 
the aid of his improved laboratory-made 
emulsions, that the normal binary fission 
process also occurred in an alternate 
mode, in which a high-energy alpha par- 
ticle accompanied the two massive frag- 
ments originating from the neutron split- 
ting of the uranium atom. Demer’s 
researches on the preparation of con- 
centrated emulsions containing as much 
as 90 percent of silver bromide, by 
weight, stimulated interest in the large- 
scale industrial manufacture of early nu- 
clear emulsions such as the Eastman 
NTA plate and the Ilford series of B, 
C, D, and E plates. 

The ready availability of these new re- 
cording media at the end of World War 
II led to a series of revolutionary dis- 
coveries by cosmic-ray workers, which in 
turn have altered our picture of nuclear 
structure. This simple tool led to the dis- 
covery of the pi mesons, the heavy pri- 
mary component of the cosmic radiation, 
trident formation in the electromagnetic 
cascade, and the production of heavy 
“strange particles” in high-energy inter- 
actions. More recently it proved instru- 





mental in elucidating the mode of an- 
nihilation of the antiproton and demon- 
strating lack of conservation of parity in 
u-u-e decay processes. 

This new volume, of virtually encyclo- 
pedic proportions, not only is concerned 
with the preparation and development 
of nuclear emulsions but also presents a 
lucid description of almost all applica- 
tions in the field of nuclear physics and 
radiochemistry. Over 100 pages are de- 
voted to a bibliography covering several 
thousand entries, with cross reference to 
points in the text where the subject mat- 
ter is discussed. In general, the style of 
writing is reminiscent of Mellor’s Com- 
prehensive Treatise on Inorganic Chem- 
istry, in which an effort is made to cover 
the literature completely. The bibliogra- 
phy appears to be complete to 1957, and 
Demers must have made considerable ef- 
fort to extend his work even when it was 
in galley form, as some of the more im- 
portant current papers of 1958 are also 
listed. 


The first section of Jonographie is de- . 


voted to the manufacture of nuclear 
emulsions on a laboratory scale. While 
most readers will probably not attempt 
to “roll their own,” a knowledge of the 
factors governing sensitivity will be help- 
ful in understanding the shortcomings 
of commercially available products. This 
section of the book also describes the 
new Russian type P emulsions, which 
achieve a grain density of 60 per 100 mi- 
crons of track produced by singly charged 
relativistic particles at the minimum of 
ionization. This is some three or four 
times greater than the sensitivity cur- 
rently available in emulsions of Ameri- 
can or British manufacture. 

The volume covers the methods of 
normal and discriminatory development 
of both plates and stripped emulsions up 
to 600 microns in thickness. A more 
thorough treatment of specialized tech- 
niques permitting the processing of 2-mil- 
limeter-thick slabs would have been a 
useful addition to the book. Needless to 
say, the diverse ailments inherent in the 
technique—such as fading of the latent 
image, track distortion, gelatin blister- 
ing, and surface silver image corrosion 
—are given detailed treatment. A large 
section is devoted to the geometrical 
problems of plate exposure and evalua- 
tion of results. As an indication of the 
thoroughness of the treatment, even an- 
cillary techniques, the details of which 
are often difficult to locate in the litera- 
ture, are described in detail. Thus, the 
cosmic-ray worker will find methods for 
the measurement of atmospheric depth, 
details on the fabrication and launching 
of balloons, and meteorological data on 
wind directions for facilitating the re- 
covery of the emulsion stacks. Demers 
can write authoritatively on these mat- 
ters as he performed these operations in 
the field. 


SCIENCE, VOL. 128 





an mn ee a ek COU a ee oe ee. 2. ee oe 


and 
ral 


lat- 
- of 


m- 


ver 
sra- 
and 

ef- 
was 
im- 
also 


lear 
hile 
mpt 

the 
elp- 
ings 
This 


hich 
mi- 
rged 
a of 
four 
cur- 
1eri- 





Physicists will find this volume useful 
in making range-energy measurements, 
evaluating particle momentum by multi- 
ple scattering techniques, and making 
charge identification by grain and delta- 
ray counting. The theory and systematics 
of alpha decay processes are considered 
in great detail, together with quantita- 
tive theory on the formation of alpha 
stars in emulsion. The evaluation of neu- 
tron energy spectra is particularly thor- 
ough. About one-third of this scholarly 
work is devoted to applications of the 
nuclear emulsions in high-energy physics, 
both with collimated beams of particles 
from accelerators and in the study of the 
cosmic radiation. By comparison, cover- 
age of other types of applications, such 
as that in the fields of geology and histo- 
autoradiography, while adequate in view 
of general principles developed in earlier 
sections, may appear scanty, occupying 
only 13 pages of fine-printed text. 

In an age where individual scientists 
take pride in being expert on some small 
facet of nature, it is exhilarating to find 
a comprehensive work covering a broad 
vista of science skillfully integrated by a 
single mind. Demers is to be congratu- 
lated for his arduous efforts in providing 
a greatly needed, authoritative work on 
the use of photographic emulsions in nu- 
clear physics, 

HERMAN YAGODA 
Tonospheric Physics Laboratory, 
Geophysics Research Directorate, 
Air Force Cambridge Research Center 


Effect of Radiation on Human Heredity. 
Report of a study group convened by 
the World Health Organization, to- 
gether with papers presented by vari- 
ous members of the group. World 
Health Organization, Geneva, 1957 
(order from Columbia University 
Press, New York). 168 pp. Illus. $4. 


The purpose of the study group whose 
report is presented in this volume was, 
according to the preface, twofold: (i) 
to obtain the opinions of authorities on 
genetics from countries other than Great 
Britain and the United States, whose na- 
tional committees on radiation hazards 
reported in 1956; and (ii) to probe cer- 
tain untouched aspects of the problem 
of genetic hazards, especially “the lines 
of research which should be followed, in 
the light of our present knowledge, to 
increase our understanding of the genetic 
effects of ionizing radiations on man.” 
At the meeting of the first International 
Congress of Human Genetics in Copen- 
hagen during August 1956, a group of 
20 highly expert investigators in various 
aspects of human genetics was assem- 
bled. The report actually comprises only 
ten pages of the volume, and while it 
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will undoubtedly stimulate some research 
to bring about the solution of critical 
problems and to supply key information, 
and while it may serve to increase finan- 
cial support of research in human and 
other branches of genetics, this section is 
hardly the most valuable or interesting 
part of the book. It is hard not to mimic 
those generals who are forever fighting 
the last war. 

The volume contains a collection of 
a dozen papers, however, every one of 
which is worth reading and rereading. 
The happy juxtaposition of the first two 
papers (by H. J. Muller and T. C. 
Carter, respectively) spotlights one of 
the most controversial matters in genet- 
ics today—one that is related to the 
whole problem of estimating genetic 
damage and hazard. This is the prob- 
lem of the frequency of deleterious mu- 
tant genes that are always, or almost 
always, harmful no matter what the con- 
ditions, in comparison with the frequency 
of mutant genes that are seriously detri- 
mental only when present in a person in 
double dose (homozygous) and which, 
when present in single dose (heterozy- 
gous), may, at least under certain con- 
ditions, be selectively advantageous. If 
the first situation predominates, then 
most mutant genes are held in the popu- 
lation in simple equilibrium between in- 
put (mutation) and outflow (elimina- 
tion through failure to be passed on be- 
cause of death or infertility). But if the 
second situation obtains, the interplay of 
forces is far more complex and conse- 
quently less predictable. Muller adopts 
the former view; Carter, and after him 
Wallace, the latter. 

R. M. Sievert, of Sweden, gives a 
masterly summary of known human ex- 
posures to ionizing radiation. One may 
note the fact that he had no premonition 
of the recently discovered zone of ex- 
tremely heavy radiation at high alti- 
tudes, for the curves drawn in 1956 all 
flatten out at about 50,000 feet. The 
Swedish data in general are in good 
agreement with the conclusions of the 
British and American committees. J. 
Lejeune discusses the kinds of data 
needed and the practicability of detect- 
ing induced mutations in the offspring 
of radiated parents. There is wide mis- 
apprehension on this subject. Lejeune is 
properly cautious. Court Brown de- 
scribes methods being developed for 
more accurately determining the geneti- 
cally all-important gonad dose delivered 
by various types of exposure. 

Measurement of the spontaneous mu- 
tation rate in man by direct and indirect 
methods, the effects of induced muta- 
tions, the differential sensitivity of human 
loci to radiation, and the load of abnor- 
mal genes per person in the population 
are topics discussed by L. S. Penrose. 
There follows the first report of the radi- 
ation readings in inhabited areas with 


particularly high background radiation, 
such as the region of monazite sands in 
Travancore. Gopal-Ayengar reports read- 
ings that are high, but hardly as high as 
rumor had previously made them. He 
estimates a total gamma dose of about 
10 to 30 roentgens over the reproductive 
span of 30 years in that locality. The 
world will be understandably interested 
in the prompt investigation of the popu- 
lations living on such soils. Is their ge- 
netic burden detectably higher than that 
of similar populations not so exposed to 
radiation? 

Stevenson and Neel probe the difficul- 
ties and possibilities of error in estimat- 
ing spontaneous mutation rates in human 
populations. Freire-Maia considers the 
effect of inbreeding in bringing more 
mutant recessive genes to the surface and 
exposing them more rapidly to selection. 
The frequency of genetic defect mani- 
fested in a population is not a simple 
function of the frequency of the ge- 
netically defective genes. Howard New- 
combe, of Canada, completes the series 
of papers by describing the sort of vast 
genetic health registration of the popu- 
lation that is really needed if many of 
these problems are to be solved. 

BENTLEY GLaAss 
Department of Biology, 
Johns Hopkins University 


Electronic Instrumentation for the Be- 
havioral Sciences. Clinton C. Brown 
and Rayford T. Saucer. Thomas, 
Springfield, lll., 1958. xiv +160 pp. 
Illus. $5.50. 


In 160 pages this book provides “a 
simplified presentation of basic elec- 
tronic theory required for instrumenta- 
tion problems.” The volume is specifi- 
cally oriented toward fields of experi- 
mental psychiatry, psychophysiology, 
and physiology where electronic instru- 
mentation is required for stimulation or 
measurement. 

The first chapter offers a brief, lucid 
discussion of the physical theory under- 
lying electronic phenomena, followed by 
an elementary review of methods of elec- 
trical measurement. Tube types and basic 
circuitry are next considered. This sec- 
tion is followed by chapters on power 
supplies, amplifiers, oscillators, timing 
devices, and switching circuits. Valua- 
ble suggestions are made regarding input 
and output transducers, including de- 
vices for tracing and displaying physi- 
ological changes. There is commendable 
emphasis on various methods for the pro- 
tection of human subjects of experimen- 
tation. A chapter is devoted to test in- 
struments, with suggestions regarding 
kits available for their economical con- 
struction. Recommendations are made 
regarding specific instruments that are 
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commercially available. Unfortunately, 
such limited citations, which occur 
throughout the book, do not survey the 
field of acceptable available equipment. 
A notable omission concerns the highly 
successful employment of vibrator 
(chopper) type amplifiers for high-sensi- 
tivity, drift-free recording of small di- 
rect current potentials. 

A virtue of this book is its conciseness, 
and it would be unfair to enumerate all 
the things that might have been in- 
cluded. Under the heading of recording 
devices, for example, one might wish 
for mention of the enormously important 
role to be played in the near future by 
frequency-modulated tape-recording of 
physiological variables. Tape-recording 
provides the present possibility of instru- 
mental reproduction and review, rere- 
cording, and reanalysis and the eventual 
possibility even of automatic measure- 
ment and tabulation. 

Preceding the final chapter on the 
laboratory workshop is one which is espe- 
cially valuable at the present stage of 
electronic development—on _ transistor 
theory, transistor types, and comparison 
of transistor with vacuum tube circuitry. 
Recommendations are made regarding 
useful, currently available transistor 
types. 

The book is what it purports to be 
and can be recommended as a useful, 
simplified, brief presentation of basic 
electronic theory and its application to 
psychophysiological problems. 

CueEsTER W. Darrow 
Psychophysiological Laboratory, 
Institute for Juvenile Research, 
Chicago, Illinois 


A Handbook of Lattice Spacings and 
Structures of Metals and Alloys. W. 
B. Pearson. Pergamon Press, New 
York and London, 1958. x + 1044 pp. 
Illus. $38. 


In 1912 von Laue discovered the dif- 
fraction of x-rays by crystals. This was 
immediately applied by the Braggs to 
the elucidation of the atomic arrange- 
ments in solid matter. However, it was 
not until the early 1920’s that the new 
technique was sufficiently developed for 
large-scale application to the study of 
metals. For this development thanks are 
largely due to the pioneer work of Arne 
Westgren and of A. J. Bradley. As a re- 
sult of their work the x-ray diffraction 
technique now takes its place alongside 
the classical thermal and microscopic 
methods as an essential tool in metal- 
lurgical research, an important aspect of 
which is the determination of thermal 
equilibrium diagrams. 

The book under review is largely con- 
cerned with the enormous developments 
in alloy structure determinations and 
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phase diagram studies which have taken 
place since those early days. It is truly 
encyclopedic in character. Its coverage 
of the vast literature which has grown 
up since those early days—much of it 
scattered and buried in obscure papers-—— 
is astonishingly complete, and the con- 
densation of this literature into usable 
form in the space of a single volume 
is a truly remarkable achievement. The 
book will prove an indispensable vade 
mecum for the metallurgist and will be 
of invaluable service to the solid-state 
physicist. 

Among the most useful features of the 
book is the long table of intermediate 
phases, which includes some 4000 com- 
positions. Comprehensive as it is, I noted 
at least 30 omissions; among these may 
be mentioned Fe,Mo,, MoBe,,, MnZn, 
Mn,Sn,, InMg, Fe,Ti, and MgZn,. I 
feel that the lattice spacings should have 
been uniformly given in absolute ang- 
strom units. The table provided on page 
257 for the conversion of KX to angstrom 
units is not very helpful and could have 
been omitted. 

The discussion of lattice parameter 
determinations would have been greatly 
clarified if a diagram illustrating the 
various film arrangements for the pow- 
der diagrams had been given. A discus- 
sion of modern powder diffractometry, 
with its special advantages, would have 
been appropriate here. 

The real meat of the book is given in 
chapters 11 and 12. Here we have 640 
pages of detailed, well-coordinated, ac- 
curate, and excellently illustrated data 
on the lattice parameters of alloys, 
metal carbides, borides, and_ nitrides, 
along with details concerning their pur- 
ity, preparation, heat treatment, and 
equilibrium structures. These two chap- 
ters represent a real tour de force and 
will save the reader countless hours of 
literature searching. The text, compre- 
hensive as it is, needs to be supplemented 
with phase diagrams. Could room be 
made for them in the next edition? 

A. TAYLor 
Research Laboratories, 
Westinghouse Electric Corporation, 
Pittsburgh, Pennsylvania 


Plant Design and Economics for Chemi- 
cal Engineers. Max S. Peters. Mc- 
Graw-Hill, New York, 1958. xi+511 
pp. Illus. $11. 


This book by Max Peters is the lat- 
est addition to the literature directed 
towards the economics of chemical en- 
gineering. The objective of this volume 
is to present economic and design prin- 
ciples as applied to chemical engineer- 
ing processes and operations. The early 
chapters develop the principles of ap- 
plied economics, covering such topics as 





interest, investment costs, depreciation, 
taxes, and cost accounting. For the most 
part, the remainder of the book dis- 
cusses equipment design and costs in 
considerable detail. 

The attempt to treat so broad a sub- 
ject in one volume has resulted in scanty 
coverage. of such topics as waste dis- 
posals, patents, and equipment fabrica- 
tion. Numerous problems are included 
at the end of most chapters, and there 
are some major design problems. 

The book is intended for the advanced 
student as well as the practicing engi- 
neer; it should prove to be of greater 
value to the student. 

HeErBert M. ScHOoEN 
American Cyanamid Company, 
Stamford, Connecticut 


Einfiihrung in die Messtechnik der Kern- 
strahlung und die Anwendung der 


Radioisotope. Heinrich Fassbender. . 


Thieme, Stuttgart, 1958. 223 pp. 
$8.85. 

This book presents in five chapters a 
clear and compendious introduction to 
radioisotope techniques. Emphasis is on 
the German development (about 65 of 
the 75 references deal with German pub- 
lications). Thus, the book provides an 
interesting reflection on the present sta- 
tus of German science in this important 
field and, at the same time, is useful to 
the student. 


A. T. Kress 
U.S. Army Medical Research 
Laboratory, Fort Knox, Kentucky 


New Books 


The Absorption of Infrared Radiation. 
Robert P. Bauman. McGraw-Hill, New 
York, 1958. 551 pp. $8.90. 

The Academic Marketplace. Theodore 
Caplow and Reece J. McGee. Basic Books, 
New York, 1958. 272 pp. $4.95. 

The Background of Astronomy. Henry 
C. King. Braziller, New York, 1958. 254 
pp. $5. 

Principles and Applications of Random 
Noise Theory. Julius S. Bendat. Wiley, 
New York, 1958. 452 pp. $11. 

Reticular Formation of the Brain. A 
symposium sponsored by the Henry Ford 
Hospital, Detroit, Michigan, and held at 
the hospital 14-16 March 1957. Herbert 
H. Jasper, Lorne D. Proctor, Robert S. 
Knighton, William C. Noshay, Russell T. 
Costello, Eds. Little, Brown, Boston, 1958. 
780 pp. $16. 

Vistas in Astronautics. First annual Air 
Force Office of Scientific Research Astro- 
nautics Symposium. Morton Alperin and 
Marvin Stern, Eds. Pergamon, New York 
and London, 1958. 351 pp. $15. 

The Waking Brain. H. W. Magoun. 
Thomas, Springfield, Ill., 1958. 146 pp. 
$4.75. 
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Some Principles of Self-Contained 
Underwater Breathing Apparatus 


With the increasing use of self-con- 
tained underwater breathing apparatus 
in archeological collection work, geolog- 
ical and petroleum prospecting, and bio- 
logical collecting, diving equipment has 
taken on real importance as a scientific 
tool. Numerous techniques have evolved 
to make diving units easier to breathe 
from so that divers can make longer 
work or exploratory dives and so that 
neophytes will be less likely to suffer 
lung fatigue. This report (J) presents a 
brief résumé of some of the principles of 
existing apparatus along with concepts 
leading to more advanced forms. The 
principal emphasis is on “open circuit” 
equipment in which air is inspired from 
a high-pressure tank and expired into the 
surrounding water. In such cases the 
compressed air is also an energy source, 
which allows incorporation of certain 
forms of regenerative feedback leading 
to easier breathing. 

Such equipment uses a regulator which 
feeds the diver air at a pressure just 
equal to that of the surrounding water. 
In essence, a regulator is a box with a 
flexible side which activates an internal 
valve. If the air pressure within this box 
is reduced to below that of the surround- 
ing water, then the valve will be opened 
by the diaphragm, thus allowing air from 
the high-pressure cylinder to enter the 
box, until the equality of internal and 
external pressure is returned. Through a 
hose, the diver breathes from this box. 
When he exhales, his breath travels 
through the other hose attached to the 
mouthpiece or mask and out through a 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. (Since this requirement has only 
recently gone into effect, not all reports that are 
now being published as yet observe it.) 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
ums of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957) }. 
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one-way valve which is positioned close 
to the diaphragm. If the outlet (for ex- 
ample, a “Bronx cheer”) is 1% in. from 
the diaphragm, then the tension in the 
valve is set so that slightly more than 
Yo in. of water vacuum must be pro- 
duced in the diver’s mouth before air 
will be fed, or else, in some diving posi- 
tions, air will spontaneously stream from 
the regulator and out through the exit 
valve. Other factors being the same, 
single-stage regulators tend to breathe 
more easily, while two-stage regulators 
tend to give more uniform breathing 
difficulty as the tank pressure drops. 

If a small collapsible bag is attached 
to this air system, then as one breathes 
out, a few hundred cubic centimeters of 
the breath are saved and will be the first 
air to be inspired on the succeeding 
breath, of which it makes up only a frac- 
tion of the total (the rest being supplied 
by the regulator). Some of the early ob- 
servations on such a method should be 
credited to C. Lambertson. The advan- 
tage to be obtained by such a partial re- 
breathing process in practice is not sim- 
ple to predict and seems to decrease with 
active work. 

If one builds a unit from which it is 
easy to breathe on land, one will still 
inevitably find that there is an appre- 
ciable amount of work required to draw 
in a breath when one is below the sur- 
face of the water and in the usual face- 
down position. Because the diaphragm is 
then situated above one’s lungs, the air 
that one must inspire is at a slightly 
lower pressure than the average water 
pressure on the lungs. When a diver is 
on his back the pressure differential is 
in the opposite sense, and one’s lungs 
have no greater strength to work against 
such pressure differentials, so the strain 
is again appreciable. Most people have 
little concept of the relative weakness 
of their breathing apparatus compared 
with typical small hydrostatic forces (2). 
One can effectively locate the regulator 
within the lungs and obtain normal 
equally easy breathing in all positions by 
loading the diaphragm of the last-stage 
regulator with a suitable weight (Fig. 
1). This weight must supply a force to 
the diaphragm that a column of water 
extending between the diaphragm and 
the center of the chest will exert. A dia- 
phragm-sized weight’s thickness is thus 


approximately half the chest thickness 
divided by the specific gravity of the 
weight material. The weight can be sup- 
ported by the linkage and then, depend- 
ing on whether the weight pushes or 
pulls on the diaphragm, the regulator 
must face toward or away from the per- 
son; the direction it faces will be reversed 
if the regulator is worn on the chest 
rather than upon the back. If a regu- 
lator is oriented so that the weight’s line 
of motion passes through the center of 
the lungs, then it can be compensated 
though fixed to some part of the body 
other than the center of the back. Such 
a unit allows perfectly free inspiration 
under all conditions, but in one set of 
positions the effort in exhaling will be as 
difficult as it is with an uncompensated 
unit. Voiding the air into a lower-pres- 
sure reservoir such as a branched ar- 
rangement of tubes pointing in several 
directions, each with a one-way valve at 
its far end, can do away with even this 
slight inconvenience. The effect of sepa- 
ration of regulator and outlet valve by 
this procedure can be overcome by mak- 
ing the outlet slave-controlled by dia- 
phragm motion, besides having its nor- 
mal one-way action. There can then be 
no leakage of air or water in any posi- 
tion. A closed circuit (rebreather) unit 
can be similarly compensated with a 
weight, and in this case there is no out- 
let valve. Questions of hunting because 
of the extra mass included in the feed- 
back loop, or of difficulty in obtaining 
a sudden breath because of diaphragm 
inertia, prove experimentally unfounded 
in a reasonable design. 

The action of a regulator can be im- 
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Fig. 1. (A) Modification of a regulator to 
allow normal equally easy breathing in all 
positions. Bending the end of the “Bronx 
cheer” is found to seal it more easily than 
clamping or compressing. (B) Configura- 
tion that allows the inclusion of a clearing 
button to expel water accidentally enter- 
ing the unit, and which insures that one 
valve will close before the other opens. A 
lever is not needed if the area of the out- 
let is considerably less than that of the 
diaphragm. 
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proved by positive feedback which brings 
about increased air flow by the act of 
starting to pass air. If the feedback fac- 
tor is made high enough so that the loop 
gain in this system is greater than or 
equal to unity, then the system will be- 
come bistable (3)—that is, a small suck 
will bring about a self-perpetuating air 
flow that will persist until back pressure 
builds up. No effort is involved in breath- 
ing in the intermediate condition. Lim- 
ited positive feedback makes breathing 
easier, but the use of hysteresis or bi- 
stability requires further experiment to 
determine whether, due to nonlinearity 
in muscle response, it may not take more 
work to start and stop a self-perpetu- 
ating flow than to produce a steady 
vacuum in the usual fashion. However, 
human muscles do seem to be able to 
give a short intense effort more readily 
than a weaker prolonged one. Methods 
of producing the bistability (feeding air 
or not feeding air) include constructing 
the diaphragm in the fashion of an oil- 
can bottom, spring-loading the linkage as 
in a toggle switch, shaping the valve seat 
so that opening gives an increasing area 
to produce an increased opening force, 
or the use of a Venturi tube in which 
air flow reduces the pressure applied to 
the diaphragm, thus sucking it in, By 
analogy with the generation of a nerve 
impulse, or the action of monostable 
multivibrator, one can visualize another 
type of unit in which a bistable regulator 
is returned after a short interval to its 
original off state by some auxiliary proc- 
ess such as a slow leak into the main 
chamber from the high pressure region. 

Breathing can be made easier by elimi- 
nating impedance to flow through the 
inclusion of the hoses in the feedback 
loop. For any such configuration two 
essentially isolated chambers are in- 
volved. For example, sucking, via one 
hose, could cause the diaphragm to move 
in and feed air into and from the sec- 
ond hose until the pressure backs up 
through both. One exhales into and from 
the chamber containing the diaphragm 
through the first hose. 

One problem of deep diving might be 
touched upon. It is necessary that the 
partial pressure of oxygen at all depths 
be roughly within a factor of ten above 
normal at the surface in order to avoid 
either oxygen deficiency or poisoning. In 
discussion, M. Bradner suggested storing 
oxygen in a hemoglobin-like material 
which would always then maintain the 
surrounding partial pressure constant at 
the equilibrium value. The extra pres- 
sure, to match that in the surroundings, 
would be supplied through a regulator 
by a high-pressure cylinder of helium or 
nitrogen which would have to supply gas 
only during descent, and thus could be 
small. Alternatively, a mixed-gas appa- 
ratus could either receive oxygen from 
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a pressure-insensitive, constant-flow-rate 
device, or else an oxygen-detecting ele- 
ment could be used to control the flow. 
For a detector, for,example, one might 
employ the output voltage of a fuel cell 
(4). H. Bradner has suggested that oxy- 
gen content might be controlled by the 
mechanical changes in size of certain 
chelates or else by the output voltage of 
any oxygen-depolarized battery. Alterna- 
tively, one could control oxygen flow by 
monitoring the generation of carbon 
dioxide. 

R, Stuart Mackay 
Research and Development Laboratory, 
University of California Medical Center, 
San Francisco 
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Preservation of Whole Blood in 
Frozen State for Transfusion 


Abstract. Addition of sugars to whole 
citrated human blood permits freezing 
and thawing with recovery of a large 
percentage of erythrocytes. Survival of 
erythrocytes thus frozen, transfused with- 
out further modification after thawing, 
has been satisfactory after 6 months of 
storage at — 93°C, 
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Hemolysis due to freezirig of erythro- 
cytes at temperatures below —3°C (1), 
followed by thawing, may be avoided to 
a considerable extent by ultra rapid 
freezing (2) or by modification of freez- 
ing with the addition of glycerol (3). 

In the study described in this report 
(4) modification of erythrocytes to pre- 
vent hemolysis has been obtained with 
varying concentrations of dextrose and 
lactose, alone or in combination. Modi- 
fication consists in mixing equal parts 
of acid-citrated blood with the sugar 
solution to obtain a 0.2M concentration 
of lactose, a 0.7M concentration of dex- 
trose, or an additive molarity of 0.6 with 
both sugars. The length of modification 
is not critical, and periods of 5 to 270 
minutes have given similar results. 

Modified blood is frozen in flat con- 
tainers made of thin aluminum or tin- 
plated copper, measuring inside 3 mm 
in thickness, by immersion, in CO,- 
ethanol mixture at -—60 to — 78°C. 
Thawing is obtained by immersion in a 
water bath at 37°C. Optimally the time 
of cooling and freezing, from —3° to 
- 40°C, and the time of thawing must 
not exceed 10 seconds. 

The results of freezing and thawing of 
erythrocytes will be expressed as “‘recov- 
ery” and “survival.” By “recovery” is 
meant the number of intact red cells 
remaining after freezing and thawing; 
“survival” indicates the amount of ra- 
dioactivity of frozen, stored, thawed, and 
transfused red cells remaining in circu- 
lation in the recipient 24 hours after 
transfusion, as determined with the Cr*! 
tagging technique. The values reported 
as survival include all losses occurring 
in vitro and in vivo. Blood has been 
transfused within 1 hour of thawing, 
without any further preparation. 

Without use of sugars the recovery of 
human erythrocytes frozen and thawed 
with the technique described averages 
29.3 percent. With the modification of 
freezing obtained with sugars the aver- 
age recovery rate is optimally about 95 
percent. The 24-hour survival of ery- 
throcytes in five transfusions of human 
whole blood frozen and thawed with- 
out appreciable period of storage is only 
2 percent below the optimal established 
for fresh, autotransfused erythrocytes; 
the curve of disappearance of erythro- 
cytes after the first 24 hours parallels 
that of fresh cells. 

The recovery and posttransfusion sur- 
vival of erythrocytes of whole blood 
frozen as described and stored in the 
frozen state depend on the temperature 
of storage. With storage at — 58°C, both 
rate of recovery and rate of survival de- 
teriorate rapidly, as shown in four trans- 
fusions (see Fig. 1). At — 70°C, the rate 
of recovery is fairly well maintained for 
about 40 days, but the survival in six 
transfusions deteriorates progressively 
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and at 3 weeks is already below 70 per- 
cent. At —93°+2°C a satisfactory re- 
covery and survival are maintained for 
periods of at least 6 months, as shown 
in 13 transfusions. 

Max M. Struma 

Louise C. CoLwEti 

Paut V. StrRuMIA 
John S. Sharpe Research Foundation 
and Laboratory of Clinical Pathology, 
Bryn Mawr Hospital, Bryn Mawr, 
Pennsylvania 
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Ionium-Thorium Chronology 
in Deep-Sea Sediments 
of the Pacific 


Abstract. The ratio of ionium to tho- 
rium varies exponentially with depths in 
deepsea sediments of the Pacific Ocean 
and gives rates of accumulation of the 
order of millimeters per thousand of 
years. Surface values of the ratio were 
not constant over the eastern Pacific 
Ocean. This observation may result from 
differences in thorium isotope concentra- 
tions in near bottom waters which fur- 
nish these isotopes to the sediments. 


The method of ionium-thorium chro- 
nology (1) of deep-sea sediments is based 
on the simultaneous removal of ionium 
(Th?5°, ¢,,. = 80,000 years, a member of 


Table 1. Ionium-thorium ratios in, three 
cores from the Eastern Pacific Ocean 
(Capricorn 50BG—latitude 14° 55’N, 
longitude 124° 12’W, 4270 m; Chinook 
11—latitude 49° 39.5’N, longitude 177° 
39°W, 4850 m; Downwind 49HG—lati- 
tude 42° 02’S, longitude 98° 01’W, 4350 
m). The ratios are given in terms of dis- 
integrations of Io per disintegration of Th 
per unit time. 





Io/Th ratios 








Depth a 
interval Capri. Chi- Down- 
we corn nook wind 
(cm) — 50BG 11 49HG 
0-4 30 16 35 
4-8 23 18 26 
8-12 16 11 19 
12-16 9.0 10 5 
16-20 8.4 7.0 2 
20-24 6.1 6.2 


24-28 


5.3 4.4 
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the U55 radioactive series) and thorium 
(Th?*?, t,;.= 1.4 x 10? years) from the 
water to one or more of the mineral com- 
ponents of the deposits. The critical as- 
sumptions for the application of the 
method follow. (i) The Io/Th ratio 
has remained constant in the waters ad- 
jacent to the sediments over the time in- 
tervals involved. (ii) The chemical spe- 
cies of Io and Th in the sea water are 
the same, and these isotopes have iden- 
tical distributions among them. (iii) The 
analyzed materials do not contain de- 
trital materials, of continental or vol- 
canic origin, with significant contribu- 
tions of Io or Th. This method appears 
preferable to the previous method of 
radium chronology (2) inasmuch as the 
observed diffusion of radium from the 
decay site of its parent ionium can in- 
validate any age determinations (3). 

The isotopes of Th were isolated from 
sediment samples by previously described 
methods (4) and subsequently plated on 
a l-in. platinum disc. Preferential solu- 
tion of the nondetrital matter was ac- 
complished with hot, concentrated hy- 
drochloric acid. The principal detrital 
minerals, quartz and feldspars, were in- 
soluble and were discarded following 
centrifugation. The recovery of the Th 
isotopes from the samples was deter- 
mined with UX, (Th?5*), and yields 
varied between 50 and 98 percent. The 
plated Io and Th were readily differen- 
tiated and quantitatively assayed with 
an alpha-ray spectrometer, a Frisch 
screen-grid ion chamber being used as a 
detector. The dominant alpha energies 
of Io and Th are 4.6—4.7 and 3.98, re- 
spectively (5). 

Preliminary analyses (6) of a number 
of Eastern Pacific deep-sea cores have 
emphasized three significant results. First 
of all, exponential decreases in the ratio 
with depth have been observed in 10 of 
the 12 cores analyzed. Two South Pacific 
cores had values of the ratio that were 
both low and essentially invariant with 
depth. Whether such results indicate a 
lack of deposition over the last few hun- 
dred thousand years or a loss or disturb- 
ance of the upper section of the core 
during the handling has as yet not been 
determined. Table 1 gives typical analy- 
ses on three cores collected by expedi- 
tions of the Scripps Institution of Ocean- 
ography. 

Secondly, determinations of the recent 
rates of accumulation of these Eastern 
Pacific clays, made on the basis of these 
data and of the half-life of ionium, are 
remarkably uniform, with values for the 
Capricorn, Chinook, and Downwind 
cores of 1, 2, and 1 mm per 1000 years, 
respectively, in the upper 10 cm. A dra- 
matic drop in the Io/Th ratio, corre- 
sponding to nearly 2 half-lives of ionium 
over a few centimeters’ distance, is ob- 
served in the Downwind core. Such a 


change has been observed in but one 
other core, also from these southerly 
latitudes. 

Finally, the surface ratios fall into two 
distinct groups: a set in the region be- 
tween the Aleutian Islands and Hawaii 
with values averaging about 15 and a 
second group, in the region between 
longitude 120° and 140°W and latitude 
40°N and 40°S, with a ratio varying 
around 35. The cores given in Table 1 
are representative of such groups. The 
isotopes of lead show a similar distribu- 
tion pattern (7). 

These results can be interpreted on 
the basis of the assumption that the 
deep-oceanic water masses, which are in 
contact with the sediment surfaces, fur- 
nish these isotopes to the sediments. 
Hence, these two regions should have 
circulating, overlying water masses which 
possess values for the Io/Th ratio which 
are similar to those found in the surface 
layers of the sediment deposits. The dis- 
tinctive isotopic composition of thorium 
in a given water mass probably reflects 
the weathering processes responsible for 
the introduction of thorium and uranium 
into the water mass and the inorganic 
and biochemical processes in the ocean 
that cause their removal. 

Epwarp D. GoLpBERG 
Minoru Kone 
Scripps Institution of Oceanography, 
La Jolla, California 
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Radio Control of 
Ventricular Contraction in 
Experimental Heart Block 


Abstract. This report describes a 
method for the stimulation of the ven- 
tricular myocardium by transmitting the 
stimulus over a radio-frequency carrier 
which is demodulated by a radio receiver 
enclosed within the animal’s chest. The 
method can be applied in conjunction 
with experimental heart block. 


Experimental heart block combined 
with electrical stimulation of the myo- 
cardium is a valuable technique in the 
study of the physiology and the pathol- 
ogy of the circulatory system. 
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Heart block can be created surgically, 
in dogs, with fairly uniform success and 
maintained for prolonged periods (/). 
In such animals the ventricular myo- 
cardium can be stimulated electrically 
for as long as 10 days, without serious in- 
jury. This procedure provides the means 
for driving the ventricles at various rates 
and for studying the relations betwcen 
such ventricular rates and other varia- 
bles in the circulatory system. 

Folkman and Watkins have recently 
stimulated the ventricular myocardium, 
in dogs, by amplifying the pulses origi- 
nating in the auricles with an: external 
amplifier and using the output of the lat- 
ter for stimulation (2). 

The electrical stimulation used so far, 
in this kind of experiment, was provided 
by various types of electronic pulse gen- 
erators connected by wire to the myo- 
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cardium, the wires reaching the heart 
after passing through the thoracic wall. 
This required maintaining an opening in 
the skin and in the muscles during the 
investigative period, with constant dan- 
ger of infection and considerable discom- 
fort and limitation of movement for the 
animal. 

Because of these disadvantages of con- 
nection by wire, an attempt has been 
made, in this laboratory, to stimulate the 
ventricular myocardium remotely, with- 
out any wires running from the stimula- 
tor to the animal, This was achieved by 
transmitting the stimulating pulses via 
an RF carrier and demodulating this 
carrier, within the animal’s chest, by 
means of a suitably miniaturized re- 
ceiver. 

The experimental arrangement is 
shown in Fig. 1. A conventional 200- 
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Experimental arrangement for remote stimulation of the heart. Radio-fre- 


quency carrier 2.5 Mcy/sec; stimulating pulses, 2.5 to 3.7 v, 2 msec. (Bottom, left) Sche- 
matic diagram of receiver. L, 9 turns of No. 28 Belden enameled wire, approximately 2 
in. in diameter; C;, 200 puf; Ce, 0.01 uf; D, Zener diode, 3.7 v. (Bottom, right) Receiver 
and output leads. The components are enclosed in a mass of dental cement, shown at 
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Fig. 2. (A) Electrocardiogram of a dog with experimental heart block. At a, the ventricles 
are driven by remote stimulator; at b, the stimulator is turned off; at c, the dog exhibits 
convulsion; at d, the stimulator is turned on and ventricular contraction resumes. (B) 
Electrocardiogram recorded 3 days later from the same animal. At a, the remote stimu- 
lator is operating; at b, the remote stimulator is turned off ; at c, the ventricles show spon- 
taneous contractions; at d, spontaneous contractions continue, at a higher rate; at e, the 


stimulator is again operating. 
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watt radio transmitter is electronically 
“keyed” at the desired frequency by 
means of a pulse generator and a keying 
system operating on the grid of the finai 
RF amplifier. A transmission line takes 
the pulsed RF carrier so generated to a 
loop antenna placed underneath the 
cage in which the animal is kept, a 
strong RF field being thus generated in- 
side the cage. The receiver is located 
within the thoracic wall. 

Figure 1 (bottom left) shows the sche- 
matic diagram of the receiver, which 
consists of a tank circuit, a Zener diode, 
and a bypass condenser. When the re- 
ceiver is completely enclosed within the 
animal, the components of the tank cir- 
cuit, instead of being immersed in air, 
are immersed in a medium of a different 
dielectric constant. As a consequence, 
there is a change in the distributed ca- 
pacitance of the tank circuit and, there- 
fore, in its resonant frequency. For this 
reason, in order to achieve a satisfactory 
transmission of the stimulus, the tank . 
circuit has to be tuned to a frequency 
slightly higher than that of the RF car- 
rier before the receiver is enclosed within 
the thorax, or the transmitter has to be 
tuned to a frequency slightly lower than 
that of the receiver after the latter is en- 
closed within the thorax. The Zener 
diode functions as a demodulator and, 
at the same time, limits the output volt- 
age of the demodulated signal to a de- 
sired level, so that changes in the posi- 
tion of the animal which might bring 
him very close to the transmitting an- 
tenna will not result in high stimulating 
currents causing injury to the myocar- 
dium. The stimulating voltage is bound 
to remain between two limiting values: 
a maximum value (in these experiments, 
3.7 v) determined by the Zener diode 
and a minimum value (in these experi- 
ments, 2.5 v) determined by the fact 
that the animal cannot remove himself 
from the transmitting antenna to a dis- 
tance greater than | ft. 

Heart block was created in dogs, under 
Nembutal anesthesia, by opening the 
right auricle and sectioning the bundle 
of His in the vicinity of the atrioven- 
tricular node. After the creation of the 
block the receiver was placed between 
the latissimus dorsi muscle and the rib 
cage over the 3rd, 4th, and 5th ribs, and 
its output was connected to the myo- 
cardium and to the latissimus dorsi mus- 
cle by stainless steel wires insulated with 
Teflon. During stimulation the lead con- 
nected to the heart was negative with 
respect to the other lead. 

Figure 2A shows an electrocardio- 
graphic record taken 20 hours after the 
operation from a dog whose ventricular 
rate had dropped to 40 and who had oc- 
casional periods of asystole such that the 
circulation had to be maintained with 
the remote stimulator. At a the stimula- 
tor is functioning and the ventricles are 
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‘driven at a rate of approximately 120/ 





min; at b the stimulator is turned off 
and the record shows the absence of ven- 
tricular contraction; at ¢ the animal ex- 
hibits a tonic convulsion; at d the stimu- 
lator is turned on again, the ventricles 
are stimulated, and the convulsion ceases. 

Figure 2B shows an_ electrocardio- 
graphic record taken from the same dog 
3 days later. At a the ventricles are being 
stimulated; at b the stimulator is turned 
off and the ventricles stop contracting 
(only the P wave is visible on the rec- 
ord); at c the ventricles begin to contract 
spontaneously, first slowly, then faster, 
reaching, at d, a rate of approximately 
66 per minute; at e the stimulator is 
turned on again. 

Animals whose ventricular rate had 
dropped, after surgical block, below 60 
were maintained at normal rates by re- 
mote stimulation for periods as long as 
8 days (3). 

M. VERZEANO 

R. C. Wess, Jr. 

M. KELLy 

Departments of Biophysics and Surgery, 
University of California 


Medical Center, Los Angeles 
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Method of Polarographic in vivo 
Continuous Recording of 
Blood Oxygen Tension 


Abstract. A catheter-type PO, elec- 
trode has been developed which permits 
the polarographic continuous recording 
of the blood oxygen tension in vivo. The 
electrode has been tested in model ex- 
periments in vitro and applied in animal 
experiments lasting several hours. It 
yielded a continuous tracing of PO, with 
good reproducibility. 


The development of a new type of 
oxygen electrode by Clark (7) has given 
a fresh impetus to the polarographic 
determination of the oxygen tension in 
the blood by means of platinum elec- 
trodes. In a first step of our studies, we 
incorporated this electrode into a proce- 
dure for measuring the blood oxygen 
tension in vitro (2). This method was 
thoroughly tested (3) by comparing the 
results with (i) adjusted tonometer 
equilibrations with determination of the 
oxygen in the gas phasé by the Van 
Slyke technique and (ii) data obtained 
from determinations by the Riley tech- 
nique (4), The method is now in routine 
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use for clinical purposes (3) and was 
also used for the calibrations in the new 
procedure described in this report (6). 

We _ have’ constructed catheter-type 
PO, electrodes for the continuous re- 
cording of the blood oxygen tension in 
vivo by ordinary catheterization. The 
basic principle is similar -to that em- 
ployed in Clark’s electrode (1). The 
catheter consists of Intramedic poly- 
ethylene tubing PE 160 (inside diameter, 
0.045 in.; outside diameter, 0.062 in.) or 
PE 200 (inside diameter, 0.055 in.; out- 
side diameter, 0.075 in.) of any desired 
length. Another thinner polyethylene 
tubing containing the platinum cathode 
and its connecting wire was surrounded 
by the silver anode wire and inserted into 
the catheter proper; the silver wire at 
the same time kept the inner tubing con- 
centrically in place. The catheter was 
filled with saline free of air bubbles and, 
on the proximal end, was covered with 
Teflon membrane of thickness 0.001, 
0.0005, or 0.00025 in.; the latter was 
fixed by a specially made very thin ring 
of stainless steel. The distal end of the 
catheter was plugged with Seal-All. For 
the application in animals, the whole 
catheter-electrode was coated with a thin 
coat of Velvasil; this procedure effec- 
tively prevented any coagulation in the 
vessel over experimental periods of sev- 
eral hours and did not result in any ap- 
preciable loss of sensitivity. The elec- 
trodes were freshly assembled and 
checked in vitro before every animal ex- 
periment; this enabled us to service the 
electrode parts thoroughly every time— 
that is, to polish the platinum surface 
and the silver wire. 

The current developed by these elec- 
trodes was of the order of | to 4 ua, de- 
pending on the thickness of the Teflon 
membrane employed (that is, it was 
similar to or slightly higher than, the 
current in the case of the Clark elec- 
trode) for air at a voltage of 0.6 volts. 
It was amplified by a General Radio 
Company type 1230-A d-c amplifier (in- 
put resistance 10* ohm) and recorded by 
a Honeywell 906 Visicorder. The ampli- 
fier scale permitted immediate readings 
during the experiment, and the values 
from the continuous record yielded an- 
other set of data for the same conditions. 

The performance of these electrodes 
was always first tested in vitro by taking 
the calibration curve in various gas mix- 
tures at room temperature several times. 
Figure 1 shows such a calibration curve 
(Teflon membrane 0.0005 in. thick). 
With proper construction of the elec- 
trode, we always get straight lines which 
never go quite through zero but which 
intersect the ordinate at a rather low 
reading (the helium reading amounts to 
about, or less than, 15 percent of the air 
reading in vitro). 

Model experiments were performed in 
order to explore the effect of various 





rates of flow and of varying static pres- 
sures on the electrode readings. With in- 
creasing rates of flow the readings go up 
slightly and become constant at and 
above a linear velocity of about. 7 cm/ 
sec. The readings remain constant for a 
range of static pressures between 0 and 
120 cm of water. The standard deviation 
both in vitro and in vivo was never more 
than 3 percent for any reading, in most 
cases much less. The response time of 
these electrodes was about 1.5 sec for 
95 percent amplitude and roughly 7 sec 
for approximately 100 percent ampli- 
tude. It depends very much on proper 
construction of the unit. 

A number of dog experiments were 
carried out in order to test these elec- 
trodes in vivo (7). The dogs were anes- 
thetized with Nembutal (30 mg/kg). 
The trachea was intubated or cannulated 
in order to administer various inspira- 
tory oxygen mixtures. Ventilation was 
kept constant throughout the experiment, 
which lasted 2 to 5 hours, by means of 
an Etsten ventilator (checked by a Ben- 
nett ventilation meter) or by a Star- 
ling pump; the minute volume of ven- 
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tilation was in the order of 6 to 10 
liter/min, depending on the size of the 
dog. The catheter electrode’ was intro- 
duced through the carotid artery or 
femoral artery and was located in the 
descending aorta. A second sampling 
catheter was inserted to the same place 
through which blood samples for the 
calibration in our in vitro polarograph 
could be withdrawn. 

Figure 2 shows a plot of the readings 
from the Visicorder tracing against the 
absolute values of PO, in millimeters of 
mercury as obtained from the samples 
by the in vitro polarograph—that is, an 
in vivo calibration curve. 

The tracings also show oscillations 
synchronous with the heart beat, the am- 
plitude of which increase with rising in- 
spiratory oxygen concentrations, Further 
animal and also model experiments are 
planned in order to assess the nature of 
these conditions. In accord with the ob- 
servations by Sproule et al., we are.rather 
inclined to attribute this phenomenon to 
a mechanical pulse pressure effect (8, 9). 

F. KrEUZER 
C. G. NEssLer, JR. 
Department of Physiology, 
Dartmouth Medical School, 
Hanover, New Hampshire 
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Quantitative Technique for 
Analysis of Radiation-Induced 
Tumorization in Fern Prothalli 


Tumors occur spontaneously at a very 
low rate in the in vitro culture of the 
prothalli of the bracken fern, Pteridium 
aquilinum (1). Various nontumorous ab- 
normalities also occur, largely as a result 
of environmental variations, but these 
are quite readily distinguished from the 
tumors by several criteria (1), The tu- 
mors have been observed to undergo a 
characteristic nuclear behavior leading 
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from the original haploid prothallial 
condition to a subsequent polyploidy- 
aneuploidy by means of endomitotic 
reduplication and other mitotic abnor- 
malities (2). This nuclear change is fur- 
ther characterized by a change in nu- 
clear DNA levels from a stable 1C to 
2C range to an extremely variable and 
heterogeneous distribution of values from 
the normal to several times that amount 
(3). It was also discovered that the rate 
of occurrence of the tumors could be 
greatly increased by applying ionizing 
radiations to young actively growing 
prothalli or to dormant spores (4). The 
study of this phenomenon seemed prom- 
ising if it could be put on a quantitative 
basis. This is a report on the develop- 
ment of such a technique and a prelimi- 
nary report of some results obtained (5). 

The season’s supply of field-collected 
spores (6) is cleaned, pooled, and thor- 
oughly mixed. This constitutes the stock 
from which all experimental materials 
are drawn during the year. Weighed 
amounts of spores are taken from the 
supply. Spores in the experimental lots 
are x-rayed, while the controls are un- 
treated. Subsequently they are handled 
in the sterile transfer room, and always 
in an ascending order with respect to 
the amount of radiation administered. 

The spores are placed into a 15-ml 
centrifuge tube and wet with 0.5 ml of 
a 0.1 percent solution of Tween-80. The 
tube is shaken gently until the spores are 
no longer clumped. Then 12 ml of a 
filtered 5 percent solution of Pittchlor 
(7) is added, and the capped tube is 
shaken vigorously for 2 minutes. The 
spores are then spun down at moderate 
speed for about 2% minutes, and at the 
end of a total exposure of 5 minutes in 
the Pittchlor solution the supernatant is 
quickly poured off, leaving a pellet of 
spores at the bottom of the tube. These 
are resuspended in 12 ml of sterile water 
and spun down again. The water is 
poured off quickly and the tube is left 
inverted for a moment to drain the spore 
pellet completely. The spores are then 
put into true suspension by adding a 
measured volume of a medium which 
matches their density. 

Since any appreciable osmotic value 
of the suspending medium would be ob- 
jectionable, a large water-soluble mole- 
cule that is biologically inert is required. 
For this purpose the highest available 
molecular weight of polyethylene glycol 
(Carbowax 20M) was found satisfac- 
tory. Although any momentary density 
of dormant fern spores newly placed into 
water is a highly transient state, and is 
not exactly the same throughout the 
sample, for the purposes of the present 
technique a 5 percent solution of Car- 
bowax 20M is a satisfactory approxima- 
tion of the average spore density during 
that stage of hydration prevalent at the 
time of inoculation. A portion of this 
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ionizing radiations applied to dormant 
spores of Pteridium aquilinum, with the 
frequency of tumors scored after 6 weeks 
in culture. The tumor frequency per mil- 
lion spores is plotted against the x-ray 
dose in thousands of roentgens. 


suspension is drawn up into a sterile 
pipet, and the inoculations are made 
drop by drop. The surface of the agar 
medium in the petri plate is pre-wetted 
by pouring sterile water into the dish 
and pouring it off before inoculation. 
This leaves a surface film of water in 
which the inoculum disperses readily 
with no clumping, and greatly facilitates 
subsequent studies of the cultures. 

The number of spores in a single drop 
of the inoculum can readily be deter- 
mined by the application of blood- 
counting techniques. The size of the 
drop and the number of spores that it 
contains have been found to be very re- 
producible in any one lot of spores. Ap- 
proximate uniformity from one lot to 
another can be obtained by starting 
with weighed amounts of spores and 
standardizing procedure throughout. 

When the spores have germinated and 
are of a convenient size—for example, 
when they are in the two- or three-cell 
stage, the total numbers of viable spores 
in single plates are determined. Since 
we work with large inocula, the counting 
is most readily done on an enlarged sha- 
dowgraph of the entire culture. The 
60-mm dish is placed without its cover 
upon a glass negative carrier in an en- 
larger, and the image of the culture is 
projected onto an 8- by 10-in. enlarging 
paper. This can then be readily counted 
at a convenient time with the aid of a 
magnifier. 

By using these quantitative techniques, 
various cultural conditions and other 
factors such as the safe or tolerable limits 
of the sterilization process were first in- 
vestigated and defined more precisely 
than was earlier possible. 

However, the primary objective has 
been the further analysis of the process 
of tumorization in the fern gametophyte 
and especially its increased frequency of 
occurrence after ionizing radiations. One 
of the first approaches has been to deter- 
mine the rate of this occurrence, and to 
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establish a possible dose-response rela- 
tionship. Unfiltered 136 kv x-rays were 
administered to dormant spores at the 
rate of 1000 r/min for total doses of 
2000, 4000, 8000, and 16,000 r, with an 
unirradiated control. The total numbers 
of recognizable tumors of all sizes were 
counted after a 6-week culture period. 
The frequency of tumors per million 
spores of the inocula for the various 
doses is shown in Fig. 1. Approximately 
28,000,000 spores were analyzed for the 
five points shown. 

There is as yet no definitive evidence 
concerning the nature of the basic cellu- 
lar alteration which occurs in the spores 
and is eventually expressed as a tumor. 
It would therefore be premature to at- 
tempt to conclude beyond our present 
data. However, for the sake of a working 
hypothesis we are inclined to consider 
this a mutation, or possibly a group of 
similar mutations. Dormant spores of 
Pteridium are quite radio-resistant, the 
survival curve extending beyond the lim- 
its of the present data by approximately 
a factor of 10 (4). Considering that this 
is a haploid organism, the type of linear- 
ity shown in the dose-response curve 
(Fig. 1) might be expected of a muta- 
tion in this dosage range. Also, at this 
relatively low frequency of occurrence, 
an exponential response can be linear 
(8). That dormant spores can be irradi- 
ated, kept in continued dormancy for at 
least another year, and still produce 
tumors would indicate that the causal 
event is not transient. It might be said, 
then, that although there is no evidence 
which points directly to this being a mu- 
tation, neither does any of the evidence 
at hand contradict this hypothesis. In 
any case this system and the present ap- 
proach do present rather unique oppor- 
tunities for the quantitative analysis of 
a tumorization process at the cellular 
level, 

The limits of the present experiments 
were determined by the practical limits 
of the equipment at hand. Current work 
is being directed, among other things, 
toward an extension of these data 
through the entire viability range to de- 
termine both the tumor frequency and 
the complete survival curve. 

Cart R. PartANEN 
Children’s Cancer Research Foundation, 
Children’s Medical Center, Boston, 
Massachusetts, and Biological 
Laboratories, Harvard University, 
Cambridge, Massachusetts 


References and Notes 


1. T. A. Steeves et al., Am. J. Botany 42, 232 
(1955). 

2. C. R. Partanen et al., ibid. 42, 245 (1955). 

3. C. R. Partanen, Cancer Research 16, 300 
(1956). 

4. C. R. Partanen and T. A. Steeves, Proc. Natl. 
Acad, Sci. U.S, 42, 906 (1956). 

. This investigation was supported in part by a 
grant (No. CY3335) from the National Insti- 
tutes of Health, U.S. Public Health, Service. 
Part of this investigation was initiated while I 


24 OCTOBER 1958 


ow 


was working under an American Cancer Society 
grant (BOI6H) made to Prof. R. H. Wetmore 
and Prof. T. A. Steeves, Harvard University. 
I wish to thank the Harvard Biological Labora- 
tories for the use of their facilities during these 
studies. The technical assistance of Miss Jane 
Nelson is gratefully acknowledged. 

6. I am especially indebted to G. Stinson Lord, 

Weymouth, Mass., for making all of the spore 

collections used in these experiments. 

A commercial product containing 70 percent 

calcium hypochlorite, manufactured by the 

Columbia-Southern Chemical Corp., Pitts- 

burgh, Pa. 

8. U. Fano, in Radiation Biology, A. Hollaender, 
Ed. (McGraw-Hill, New York, 1954), p. 126. 


25 July 1958 


“I 


An Olfactometer for the Rat 


This report describes an apparatus and 
operant conditioning procedure (/) for 
studying olfactory discrimination in the 
rat (2). A bar-pressing apparatus and 
dipper mechanism to provide water rein- 
forcement is mounted in a cylindrical 
glass “wind tunnel.” A stream of de- 
odorized air flows continuously through 
the tunnel at a known velocity. This can 
be odorized by the addition of known 
volumes and concentrations of odorized 


air. The animal is trained to face into 
the air stream when pressing the bar so 
that all body odor or odorant adsorbed 
on the animal’s fur is blown out to the 
rear of the response chamber. The in- 
jection of the odorized air is the signal 
to stop bar-pressing. 

The apparatus shown schematically in 
Fig. 1 shows the response chamber (b), 
containing the bar-press apparatus (7) 
in the cylindrical “wind tunnel” (j, k), 
4 in. in diameter and 12 in. in length. 
A rotary-vane laboratory pump forces a 
continuous stream of air through a cal- 
cium chloride drying agent and the char- 
coal and silica gel deodorizing column 
at a rate of approximately 40 lit. per 
minute, as monitored by flowmeter a. 
This is the main air stream to the re- 
sponse chamber (6). 

A small fraction of the air is diverted 
at c through the flowmeter (d), via the 
manifold and stopcocks, to one of four 
odor bottles (€,, @5, €3, @,). The odor 
stream passes over the surface of odorant 
f and returns to the main air stream just 
in front of the response chamber. Two 
stationary stainless-steel vanes (h) mix 
the odorized and pure air streams. The 
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Fig. 1. Line diagrams of the odor control and response chamber. 
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Fig. 2. Sample record of odor discrimina- 
tion (cumulative response record of bar 
pressing). The pen moves from the top to 
the bottom of the record and resets auto- 
matically. Note that there is complete ces- 
sation of response during the introduction 
of odor but no diminution of response dur- 
ing the introduction of air from an empty 
control channel. The pairs of vertical lines 
on the record were drawn in to show the 
onset and duration of stimulation indi- 
cated by the signal marker. 


odor bottles are maintained at a constant 
temperature by water bath g. The out- 
flow from each odor bottle is controlled 
by a three-way stopcock so that the odor 
can be added to the main stream or 
shunted through a bypass (not shown) 
to an exhaust. This provides a continuous 
flow of air through the odor bottle when 
the input stopcock to the odoxant bottle 
is opened, to insure equilibrium when 
the odor is added to the main stream. 
The concentration of odorant in the odor 
stream is a function of the rate of air flow 
over the odorant surface, the height of 
the odorant in the odor flask, and the 
vapor pressure of the odorant. The con- 
centrations of odorant can be computed 
from the weight of odorant lost for given 
durations and flow rates. The final con- 
centration of odor can be computed 
from the relative flow rates of pure and 
odorized air and may be specified in 
milligrams per liter, moles per liter, or 
number of molecules. 

All parts of the olfactometer are made 
of Pyrex glass, including the first 5 in. 
of the “wind tunnel” section (j). The 
liberal use of ground glass joints makes 
the entire system easily demountable for 
cleaning. Section k is made of brass tub- 
ing 4 in. in diameter and contains the 
bar-pressing platform and dipper mecha- 
nism, which projects 3 in. into the glass 
part (b) of the response chamber. The 
platform, bar, and dipper and the an- 
terior two-thirds of the animal are visi- 
ble to the experimenter. A new model 
of the apparatus has been built (3) in 
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which the response chamber is made en- 
tirely of glass and in which the bar and 
drinking font project into the chamber 
from below, through small ports. 

The training procedure is typical of 
operant discrimination training in which 
responses are occasionally reinforced in 
the absence of odor (S?) but never dur- 
ing the presence of odor (.$*). The onset 
of odor signals the ‘“no-reinforcement” 
condition. A control training procedure 
is employed in which clean air from an 
empty odor bottle is presented, with re- 
inforcement, to insure that discrimina- 
tion is learned on the basis of odor and 
not of other cues incidental to turning 
stopcocks, to changes of air pressure, and 
so on, Odor training (S*) and control 
training are interspersed randomly. After 
discrimination has been established, test 
trials consisting -of a 10-second period 
during which odorized air is introduced 
and a 10-second odorless control situa- 
tion are presented, without reinforce- 
ment. 

In the early experiments we employed 
a discrimination criterion of fewer than 
six responses during the 10-second odor 
test with no diminution in response rate 
during the 10-second odorless-air con- 
trol procedure. In order to maintain dis- 
crimination at this level, discrimination 
training trials were continued and inter- 
spersed among test trials. Training trials 
usually consisted of 30 seconds or more 
of odor ($*) or of odorless control pro- 
cedure. Responses during the 10-second 
control test numbered approximately 30 
(mode), with a range of from 20 to 40, 
depending on the animal. A well-trained 
animal usually stopped bar-pressing im- 
mediately in response to a suprathreshold 
odor, with a negligible latency after the 
odor stopcock was turned (see Fig. 2). 
The time before resumption of bar-press- 
ing after the odor is turned off may be 
variable, but this was not important in 
the present testing procedure. This 
method has proved useful for studies of 
threshold in normal animals after abla- 
tion of the olfactory bulbs and in experi- 
ments on animals with altered endocrine 
balance. 

Cart PFAFFMANN 
Brown University, 
Providence, Rhode Island 

Wituam R. Gorr 
University of Virginia, Charlottesville 

Joun K. Bare 

College of William and Mary, 
Williamsburg, Virginia 
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Chromatography of Molten Salts 
on a Glass Powder Column 


The physicochemical similarity of 
glasses with zeolithes and with the non- 
crystalline oxides (silica, alumina) used 
in chromatography induced us to test the 
ion-exchange and adsorptive properties 
of glass under conditions in which these 
properties might be expected to be of 
practical use. As a medium, molten salts 
were selected. 

A Pyrex column of inner diameter 8 
mm and length 20 cm was filled with 
Pyrex glass powder (100 to 140 mesh); 
the column could be slowly charged with 
the melt. As stopcocks, connecting tubes 
of length 10 cm and inner diameter 2.5 
mm were used. The tubes were placed 
in sections of the (vertical) oven that 
could be cooled. 

In order to avoid chemical attack on 
the glass, only salts melting below 
400°C were used, such as alkali nitrates 
and mixtures of alkali halides (preferen- 
tially the eutectic mixture of lithium and 
potassium chlorides, which melts at 
et OD 

To this mixture, from 0.1 to 1 per- 
cent of chlorides of heavy metals, such 
as Cr™!, Cul, Nill, Co!, and Mn", were 
added. Separation in zones was observed, 
which compared in sharpness favorably 
with those obtained by chromatography 
in aqueous solution. With the above col- 
umn and the eutectic mixture used, the 
adsorption of the heavy metals at 400°C 
decreased in the above order. 

Elution (with pure molten salt) is as 
easy as in the chromatography from 
aqueous solutions. 

When a small particle of the eutectic 
mixture of lithium and potassium chlo- 
rides, containing one or more heavy 
metals, is slowly heated to the melting 
point on a porous Pyrex filter plate, con- 
centric colored circles, showing the dif- 
ferential adsorption of the heavy metals, 
are observed. 

MicHae. M. BENarRIE 
Scientific Department, 
Ministry of Defense, Tel-Aviv, Israel 
7 April 1958 


Nonpolar Transport of 
Gibberellin through Pea Stem 
and a Method for Its Determination 


Gibberellin was found to differ from 
auxin in many physiological effects (/). 
Hence, it is of interest to see whether 
the transport of gibberellin through the 
stem is polar or not. As to gibberellin 
transport, it is only known that gib- 
berellin is transported lengthwise twice 
as rapidly as transversely (2). 

A method of determining gibberellins 
is needed for transport experiments, as 
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well as for many others. The fluorometry 
by Phinney et al. (3) and the method 
of Bird and Pugh (4) are not quantita- 
tive. In this report (5) a method of 
using ultraviolet absorption is presented. 
The basipetal and the acropetal trans- 
ports of gibberellic acid were com- 
pared with each other by means of this 
method. The dwarf-corn method 
also used. 

Figure | represents the ultraviolet ab- 
sorption curves of alcohol solutions of 
gibberellic acid, gibberellin A, and a 
crude gibberellin preparation (6). Gib- 
berellic acid has two peaks of absorption, 
at 210.5 and 253.5 mu, while gibberellin 
A has only one, at 210.0 mu. The crude 
gibberellin preparation used also had 
peaks corresponding to these, with two 
additional peaks between them. 

It was determined by means of eth- 
anol solutions that Beer’s law holds for 
the absorbency at 253.5 mu of gibberellic 
acid, at least for concentrations of up to 
200 ug/ml, but does not hold for the 
absorbency of gibberellic acid at 210.5 
my or for gibberellin A. The absorption 
curve and the absorbency at 253.5 mu 
of gibberellic acid did not change, at 
least during 24 hours at room tempera- 
ture. Hence, gibberellic acid may be 
measured with the absorbency, if proper 
precautions are taken. 

In order to apply to gibberellic acid 
the method used for the transport of 
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Fig. 1. Ultraviolet absorption curves of 
ethanol solutions of © gibberellic acid 
(dash-dot line), gibberellin A (broken 
line), and a crude gibberellin preparation 
(solid line). 
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Table 1. Amount of gibberellic acid transported through the pea stem section in the 


acropetal and in the basipetal directions. 


Gibberellic acid content 


Gibberellic acid 


(ug/block) (ug/stem hr) 
Position - 
of Lear Donor Receiver Disappear- Trans- 
section : ported 
ing from in 
Initial Final Initial Final donor 2 
receiver 
Normal 11.1 7.0 0 0.87 1.37 0.29 
Inverted Bey: 0 1.02 1.57 0.34 


auxin (7), the acid contained in agar 
blocks should be measured. Hence, the 
most suitable solvent for the extraction 
from agar was looked for, as follows. 
Well-washed agar blocks 35 by 35 by 
20 mm® in size were soaked in 70-per- 
cent ethanol for a month, with occa- 
sional renewal: of ethanol in order to 
wash out soluble substances from them. 
They were washed again with distilled 
water, Thirty-six pea stem sections were 
put on each agar block, in the normal 
position or inverted, just as they would 
be placed in the transport experiment to 
be conducted. After 3 hours’ incubation 
at 25°C, the blocks were steeped for 24 
hours in ethanol, acetone, ether, and 
acidic ether at 4° to 5°C. A number of 
blocks were extracted, one by one, sepa- 
rately for each solvent in order to see 
the probable error. Extracts were evapo- 
rated, and ethanol solutions of the resi- 
dues were assayed spectrophotometri- 
cally. Acetone extraction gave the small- 
est probable error and seemed to be the 
most suitable. Recovery by acetone from 
the agar block in which 100 ug of gib- 
berellic acid had been dissolved was 
about 80 percent. Weak absorbence was 
detected, even with the extracts made 


from agar blocks without any treat- 
ment. 
The extracts from the agar blocks 


which had been in contact with stem 
sections, as well as the extracts from the 
blank blocks, showed no gibberellin re- 
action in the dwarf-corn test. 

Pea seedlings (var. Usui) were grown 
for 7 days in a darkroom at 25°C. A 
5-mm section was excised from the third 
internode, which was from 15 to 20 mm 
long. These sections were laid on moist- 
ened filter paper for 3 hours in order to 
let exuding substances out. The sections 
were then put standing on agar blocks 
prepared as mentioned above, 36 on each 
block, in the normal position and in- 
verted. Upon each of the stem sections 
an agar block 2 by 2 by 2 mm‘ in size 
and containing 11.1 ug of gibberellic 
acid was placed as the donor. After 3 
hours at 25°C the donor blocks and the 
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receiver blocks were extracted with ace- 
tone for 24 hours at 4° to 5°C. The ex- 
tracts were evaporated, the residues were 
dissolved in ethanol, and the absorbency 
at 253.5 mu was measured. The changes 
in gibberellic acid content of the donor 
and the receiver blocks are given in 
Table 1. The acropetal transport was 
only a little larger than the basipetal. 

Bioassay of gibberellic acid in receiver 
blocks was also made. After 3 and 24 
hours of standing, the receiver blocks 
were extracted as described above. Each 
dried residue was mixed with 1 g of 
lanolin. About 60 mg each of the pastes 
thus prepared was smeared on the seed- 
ling of dwarf corn grown in a seeding 
box under field conditions of from late 
spring to summer. Gibberellin reaction 
was positive only with the paste prepared 
from the blocks which had received gib- 
berellic acid for 24 hours. No difference 
with respect to the direction of the trans- 
porting pea stem sections, however, was 
observed. 

It is thus confirmed that the gibberel- 
lic acid transport through pea stem is 
not notably polar, as auxin transport is 
known to be (8). 

Jiro Kato 
Department of Botany, Faculty of 
Science, Kyoto University. 
Kyoto, Japan 
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Eldorado’s new Model LA-600 
Linear Amplifier is a pulse ampli- 
fier designed for nuclear laboratory 
use. Patterned after the ORNL 
DD-2, the LA-600 incorporates a 
number of additional circuit and 
operational features. 


Key feature is the use of Eldorado’s 
unique building block construction. 
Major sections of the circuit are 
plug-in packages. Characteristics of 
the instrument can be altered by 
simply changing modules. In ad- 
dition to the circuit flexibility, 
modular construction reduces 
weight and size, facilitates modifi- 
cation and maintenance, and min- 
imizes obsolescence. 


BRIEF SPECIFICATIONS, LA-600A* 


50,000 

0.25% per week 
Maximum — +140V 
Integral — 0.15% 
1000x Overload — 
20 microseconds 
200x Overload — 

7 microseconds 
Pulse Width — 

1.2 microseconds 
Rise Time — 

0.2 microseconds 
115/230 V, 

50/60 cycles ac 
LA-600A — ; 
LA-600B — 
LA-600C — $650.00 


*The LA-600B includes an integral/dif- 
ferential pulse height selector and has 
1.0 microsecond double pulse resolu- 
tion. The LA-600C 
with Eldorado Model PA-400 Multi- 
channel Pulse Height Analyzer. 
Eldorado technical representatives 
are located in principal areas. For 
the name of your nearest represent- 
ative and complete technical infor- 
mation, please address Dept. S10-A. 


is designed for use 


Etidorado 


EGlectronics 
2821 Tenth Street 

Phone THornwall 1-4613 

Berkeley 10, California 











Meetings 


Forthcoming Events 


November 


20-22. Acoustical Soc. of America, 56th 
meeting, Chicago, Ill. (K. Kramer, 3839 
Grand Ave., Western Springs, Ill.) 

20-22. American College of Cardiology, 
New Orleans, La. (P. Reichert, Empire 
State Bldg., New York 1.) 

20-22. International Symp. on Tubercu- 
losis, Philadelphia, Pa. (M. J. Schwartz, 
Deborah Sanatorium & Hospital, 642 Wid- 
ener Bldg., Philadelphia 7.) 

20-23. American Anthropological As- 
soc., Washington, D.C. (W. S. Godfrey, 
Jr., APA Logan Museum, Beloit College, 
Beloit, Wisc.) 

21-22. American Soc. of Animal Pro- 
duction, annual, Chicago, Ill. (H. H. 
Stonaker, Animal Husbandry Dept., Colo- 
rado State Univ., Fort Collins, Col.) 

24-26. Fluid Dynamics, division of 
American Physical Soc., San Diego, Calif. 
(R. J. Emrich, Dept. of Physics, Lehigh 
Univ., Bethlehem, Pa.) 

24-26. Mechanisation of Thought Proc- 
esses, symp., Teddington, Middlesex, Eng- 
land. (The Secretary, Natl. Physical Lab., 
Teddington, Middlesex. ) 

24-6. Plant Specialists, 4th Latin Amer- 
ican conf., Santiago, Chile. (R. Cortazar, 
Departmento de Investigaciones Agrico- 
las, Ministerio de Agricultura Casilla 
4088, Santiago, Chile.) 

27-29. Central Assoc. of Science and 
Mathematics Teachers, 58th annual, In- 
dianapolis, Ind. (N. G. Sprague, Indian- 
apolis Public Schools, 1644 Roosevelt 
Ave.. Indianapolis 18). 

28-6. International Conf. of Social 
Work, 9th intern., Tokyo, Japan. (J. R. 
Hoffer, Intern. Conf. of Social Work, 345 
East 46 St., New York 17, N.Y.) 

30-5. American Soc. of Mechanical 
Engineers, 79th annual, New York, N.Y. 
(O. B. Schier, ASME, 29 W. 39 St., New 
York 18.) 


December 


1-3. American Soc. of Refrigerating 
Engineers, New Orlenas, La. (R. C. Cross, 
ASRE, 234 Fifth Ave., New York 1.) 

1-4, Entomological Soc. of America, 
Salt Lake City, Utah. (R. H. Nelson, 1530 
P St., NW, Washington, D.C.) 

1-5. American Rocket Soc., 13th an- 
nual, New York, N.Y. (A. F. Denham, 
925 Book Bldg., Detroit 26, Mich.) 

2. Scientific Study of Glass, 11th tech- 
nical meeting of the European Union, 
Paris, France. (Societe francaise de ce- 
ramique, 44, rue Copernic, Paris 16°.) 

2-4. Electric Steel Furnace Conf., 17th, 
Cleveland, Ohio. (E. O. Kirkendall, 
AIME, 29 W. 39 St., New York 18.) 

2-5. American Medical Assoc., clinical 
meeting, Minneapolis, Minn. (G. F. Lull, 
535 N. Dearborn St., Chicago, Ill.) 

3. Animal Care Panel, 9th annual, Chi- 
cago, Ill. (R. J. Flynn, Argonne Natl. 
Laboratory, Lemont, Ill.) 

3-5. American Inst. of Electrical En- 
gineers, St. Petersburg, Fla. (N. S. Hib- 
sham, AIEE, 33 W. 39 St., New York 18.) 





3-5. Eastern Joint Computers Conf,, 
Philadelphia, Pa. (G. W. Bailey, IRE, 1 
E. 79 St., New York 21.) 

3-5. Global Communications, 2nd natl, 
symp., St. Petersburg Beach, Fla. (M. R. 
Donaldson, 1501 72 St. N., St. Peters- 
burg. ) 

4-5. Vehicular Communications, an- 
nual, Chicago, Ill. (G. W. Bailey, IRE, 1 
E..79 St., New York 21.) 

5-7. American Psychoanalytic Assoc., 
New York, N.Y. (J. N. McVeigh, APA, 
36 W. 44 St., New York 36.) 

6. American Rheumatism Assoc., Roch- 
ester, Minn. (E. F. Hartung, ARA, 580 
Park Ave., New York, N.Y.) 

6-11. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, Mayo Clinic, Rochester, Minn. ) 

7-10. American Inst. of Chemical En- 
gineers, annual, Cincinnati, Ohio. (F. J. 
Van Antwerpen, 25 W. 45 St., New York, 
N.Y.) 

8-10. American Nuclear Soc., winter, 
Detroit, Mich. (ANS, P.O. Box 963, Oak 
Ridge, Tenn.) 


9-10. Conference on Learning Effec- | 


tiveness, Univ. of Pennsylvania, Philadel- 
phia, Pa. (Air Force Office of Scientific 
Research, Air Research and Development 
Command, U.S. Air Force, Washington 
20.) 

10-16. American Acad. of Optometry, 
annual, Boston, Mass. (C. C. Koch, 1502 
Foshay Tower, Minneapolis, Minn.) 

12-13. Association for Research in 
Nervous and Mental Disease, annual, New 
York, N.Y. (R. J. Masselink, 700 W. 168 
St., New York 32.) 

15-17, American Soc. of Agricultural 
Engineers, winter, Chicago, Ill. (J. L. 
Butt, American Soc. of Agricultural En- 
gineers, St. Joseph, Mich. ) 

15-19. Radiation Biology, 2nd Austra- 
lian conf., Melbourne, Australia. (J. H. 
Martin, Physics Dept., Cancer Inst. 
Board, 483 St. Lonsdale St., Melbourne, 
Victoria. ) 

17. Institute of Aeronautical Sciences, 
Washington, D.C. (R. R. Dexter, IAS, 2 
E. 64 St., New York 21.) 

18-20. American Physical Soc., Los 
Angeles, Calif. (K. K. Darrow, APS, Co- 
lumbia Univ., New York 27.) 

26-31. American Assoc. for the Ad- 
vancement of Science, annual, Washing- 
ton, D.C. (R. L. Taylor, AAAS, 1515 
Massachusetts Ave., NW, Washington 5.) 

27-29. American Economic Assoc., Chi- 
cago, Ill. (J. W. Bell, AEA, Northwestern 
Univ., Evanston, Ill.) 

27-29. Econometric Soc., Chicago, Ill. 
(R. Ruggles, Box 1264 Yale Station, Yale 
Univ., New Haven, Conn.) 

27-30. American Folklore Soc., New 
York, N.Y. (MacE. Leach, AFS, Univ. of 
Pennsylvania, Philadelphia, Pa.) 

28-30. Archaeological Inst. of America, 
Cincinnata, Ohio. (L. A. Campbell, ATA, 
Dept. of Classics, Brooklyn College, Brook- 
lyn, N.Y.) 

29-30. National Council of Teachers 
of Mathematics, New York, N.Y. (M. H. 
Ahrendt, NCTM, 1201 16 St., NW, Wash- 
ington 6.) 

28-30. Western Soc. of Naturalists, 
Seattle, Wash. (J. P. Harville, San Jose 
State College, San Jose 14.) 


(See issue of 17 October for comprehensive list) 
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Equipment 


The information reported here is obtained from 
manufacturers and from other sources considered 
to be reliable. Science does not assume responsibil- 
ity for the accuracy of the information. A coupon 
for use in making inquiries concerning the items 
listed is included in the post card insert. 


SCABLE EVALUATOR automatically tests 
for leakage and continuity between any 
and all wire terminations of a cable har- 
ness or device. The unit includes two 
scanning circuits, a tape reader and 
code storage unit, a tape punch, an out- 
put printer, and leakage- and continuity- 
detection circuitry. The tape is punched 
to record continuity found in the test of 
a reference sample device. Tape pro- 
duced in this way is used to program 
the device for comparison tests of other 
equipment. (James Cunningham Son 
and Co., Inc., Dept. 409) 


MX-RAY FLUORESCENCE SPECTROMETER 
permits simultaneous analysis of up to 
22 elements in the wavelength range 
0.35 to 10.2 A. A ratio-recording system 
provides inked records showing the con- 
centrations of the elements analyzed. 
(Applied Research Laboratories, Inc., 
Dept. 406) 


MCRYSTAL OVEN employs a_ mercury 
thermoswitch to provide temperature 
control. Oven temperature is maintained 
+0.01°C at fixed ambient and +0.1°C 
over an ambient range of 0° to 50°C, 
The unit operates on 24 v d-c or 6.3 v 
a-c. Pressurized inert gas above the mer- 
cury column prevents mercury separa- 
tion under shock and vibration. The 
oven accommodates an HC-6/U crystal 
holder. (Manson Laboratories Inc., 
Dept. 410) 


SsTREAK CAMERA produces a plot of 
space in one direction versus time in an 
orthogonal direction of  self-luminous 
events. Standard 35-mm film is used. 
The image is swept onto the film by a 
triangular mirror rotated by a high-speed 
turbine. The fastest drive available ranges 
from 200 to 5500 rev/sec. Maximum 
writing rate is approximately 8 mm/ 
usec. Control equipment includes a fre- 
quency counter for measurement of 
mirror speed, mirror speed adjustments, 
and controls for the capping shutter and 
the explosive-actuated blast shutter used 
to prevent double exposure. (Beckman 
and Whitley, Inc., Dept. 411) 


® NUCLEAR-COUNTER SIMULATOR for use 
in developing and testing radiation 
counting instruments provides recur- 
rent, exponentially shaped voltage pulses 
simulating the output of a gas-filled 
nuclear-particle counter tube. Pulse rate 
is adjustable from 1 to 15 per second 
and voltage from 0 to 100 mv. (Auto- 
mation Dynamics Corp., Dept. 414) 
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™ VECTOR BRIDGE provides direct indica- 
tion of magnitude and phase-angle com- 
ponents of impedance from 60 cy/sec 
to low radio frequency. Phase range is 
+90 deg; impedance range is to 100,000 
ohm. Accuracy is better than +1 deg 
for phase angle and +1 percent for im- 
pedance. An accessory plotting device 
permits recording of points on rectangu- 
lar coordinate paper. (Harris Trans- 


ducer Corp., Dept. 419) 


@LEAK DETECTOR of the helium mass- 
spectrometer type achieves fivefold in- 
crease of sensitivity over previous models 
by introduction of a butterfly valve be- 


tween the manifold and the diffusion 
pump. A leak rate of 2x 10-1" atmos 
cm*/sec of helium will produce 5 per- 
cent of full reading. (Consolidated Elec- 
trodynamics Corp., Dept. 424) 


M AMINO ACID ANALYZER combines ion- 
exchange chromatography with auto- 
matic colorimetry to perform quantita- 
tive analysis of mixtures of amino acids. 
The sample to be analyzed is passed 
through a variety of columns, and the 
effuent stream is combined with a regu- 
lated flow of ninhydrin reagent. The 
resulting mixture flows into a heated re- 
action vessel and thence into a photom- 








ELECTRONIC 
Thermometer 


e Rapid, Accurate, Direct Reading 

e Low Cost, Portable, Thermistor Type 
e Many Ranges from — 35 to + 100° C. 

e Interchangeable & Special Probes 

e Controllers & Recorders Available 














COMPACT 


Magnetic Stirrer 


e Stir at Any Angle 

e In Open or Closed Vessels 
e Under Vacuum or Pressure 
e With or without Hotplate 














TEFLON 


Tissue Homogenizers 


e Interchangeable Teflon Pestles 
e Precision Bore Pyrex Glass Tubes 
e Notched for Quick Change Chuck 
e Complete Apparatus Available 











AUTOMATIC 


Egg-Punch 


e For Opening Embryonated Eggs 


e Open 60 Eggs Per Minute 
e Clean, 1” Circular Fracture 


e One Hand Efficient Operation 





Y 
1 














Write for specifications and details to Dept. $ 
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eter assembly. The latter measures ab- 
sorption at 440 and 570 mu.and performs 
a third absorption measurement with a 
shortened light path to provide a wide 
range of sensitivities. Three separate ab- 
sorbance curves are printed in multi- 
color dots by a recorder. (Phoenix Pre- 
cision Instrument Co., Dept. 428) 


™ SCINTILLATION SCANNER maps sites of 
radioactive material in human bodies. 
Whole-body scanning is fully automatic 
and is recorded in scale of 1:4. Full- 
scale scanning can be performed:of areas 


560 by 420 mm. A wide variety of spac- 
ings, scanning speeds, and scaling fac- 
tors is offered. (LKB Produktor Fab- 
riksaktiebolag, Dept. 415) 


™@ PERFORATED-TAPE operates at 
1000 characters per second. Reading is 
photoelectric. Stopping time is slightly 
more than | 


READER 


msec. The next character 
is read with 5 msec of reinitiation of the 
read operation. The reel will hold 350 
or 700 ft of tape. Automatic rewind and 
end-of-tape sensing are provided. (Bur- 
roughs Corp., Dept. 430 
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Write for 
Bulletin 125-A 
or 
contact your 
authorized 
RSCo dealer 


NRO 







COMPARE the PRICE and ask — 
Where else con you find in one cabinet the corrosion resistance 


of a Formica lining PLUS the insulation afforded by glass wool 
PLUS the convenience of a drawer for cleaning and for set-up of 


~ An especially large triple-pane window lets you see the troughs 
when introducing solvent through refill holes in the lid. 


- The Aat top of the cabinet is Formica-covered to give a du- 


» with 4 trough assemblies... $300.00 















HIGH QUALITY 
FEATURES 


s Glass wool insulation 





=» Large capacity troughs | 
» Full width drawer 








» Formica lining 
« Solvent refill holes 
» Leveling feet 


The RSCo Model 125 combines all | 
the functional features which for 

years have characterized Chroma- 

tocabs as the outstanding value 
in paper chromatography. 











RESEARCH SPECIALTIES CO. 


RICHMONE 











| TENSILE TESTER consists of separate 
loading and recording sections for re- 
mote testing. Deformation rate is con- 
stant and continuously adjustable from 
4 to 4000 in./min. The instrument pro- 
duces a photographic record calibrated 
in terms of stress, strain, and time. Alle- 
gany Instrument Co., Inc., Dept. 416) 


"TESTING MACHINE provides automatic 
simulation of a wide range of stress and 
strain at elevated temperatures. Capacity 
is zero to 50,000 lb. Temperature range 
extends beyond 3000°F. Ram rates up 
to 34 in./sec, temperature rises to 200°F 
per second, and cycling rates of 10 per 
second are possible. Variable-reluctance 
transducers sense strain and load. Meas- 
urements are automatically recorded on 
an 8'%- by ll-in. graph. (Marquardt 
Aircraft Co., Dept. 417) 


® SOLID-STATE BATTERY has a potential of 
95v in 0.14 in*. It can supply 10-8 wa 
for 176,000 hr or a flash current of 20 
ua. Voltage per cell is 0.8, and configur- 
ations providing 95 v/in. and 625 v/in.® 
can be produced. Steady current per 
square inch of cell area ranges from 
10-5 amp for 100 hr to 10-§ amp for an 
estimated period of 100,000 hr for a 10- 
percent voltage drop. Flash current of 
200 ua/in.? is obtainable. Temperature 
coefficient is 1.2 x 10-3 v/deg v between 
—50° and +50°C. (Universal Winding 
Co., Dept. 418) 


@ FRACTIONATION COMPUTER accepts elec- 
trical input signals from instrument 
transmitters installed in the fractionation 
process loop and performs computation 
designed to maintain product quality. 
Calculations are based on feed flow rate 
and product analysis. (Southwestern In- 
dustrial Electronics Co., Dept. 422) 


@ AIRBORNE-PARTICLE SAMPLER is_ built 
around a turbine-type blower and has a 
capacity of 75 ft®/min. Flow is measured 
by a self-contained variable-orifice meter. 
A variety of filters is available. (Nu- 
cleonic Corp. of America, Dept. 425) 


™ TEMPERATURE RECORDER has sensitivity 
and accuracy +0.001°C on a full scale 
of 0.5°C. The instrument combines a 
thermistor sensing element and a strip- 
chart recorder, Any 9.5°C portion of the 
total range 20° to 30°C may be selected 
by a switch. Other ranges and multi- 
point measurement can be furnished. 
(Fenwal Electronics, Inc., Dept. 426) 


® COOLING COIL is a refrigerated coil that 
can be immersed in liquid or placed in 
a cabinet as needed. A rolling cabinet 
houses the compressor and thermostat. 
A 5-foot, flexible extension hose couples 
the tinned-copper cooling coil, measur- 
ing 8 in. by 4% in. in diameter, to the 
cabinet. Temperature control is main- 
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CONTINUOUS CO, ANALYZER 





A simple CO, Analyzer based on the 
critical orifice principle.* 


Specifications 


Sample flow rate—100 cc./min. 
Range—0 to approx. 10% CO, 
CO, 


Response time—2 to 3 min. for 
final reading 


Accuracy—+ 0.05% 


Vacuum requirement—simple wa- 
ter aspirator which reduces pres- 
sure to at least half atmospheric 


Chemicals—Ascarite, Drierite and 
gauge oil supplied 


The analyzer is particularly suited 
for continuous analysis of both ex- 
pired gas and alveolar gas (e.g. as 
provided by Rahn end-tidal sampler ) 
in student physiology laboratories. 
The sampling rate is such that the 
unit can be used in series with a 
Pauling oxygen analyzer. 


*J. Mead. A critical orifice CO, 
analyzer suitable for student use. 
SCIENCE, Vol. 121, Pages 103-4, 
1955. 


CO, Analyzer, complete—$145.00 
F.0.B. Dover, Mass. 


HARVARD APPARATUS CO., 
INCORPORATED 


Dover, Massachusetts, U.S.A. 


(A nonprofit organization) 
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tained +2°F from ambient to 5°F. A 
temperature probe inserted with the cool- 
ing coil controls the thermostat. Opera- 
tion is on 115 v a-c. (Andrew Technical 


Supply Co., Dept. 429) 


SINDICATOR TUBE of numeral-electrode 
neon-glow type is available with di- 
ameter of 3 in. Digital indication of the 
tube is said to be readable at distances 
greater than 150 ft. (Burroughs Corp., 
Dept. 427) 


™ SHAFT-ANGLE DIGITIZER solves the prob- 
lem of centering of the measuring disk 
by taking the arithmetic average of two 


dial readings at diametrically opposite | 


points. Readings are made by two photo- 
diodes counting two waveforms in- 
scribed on the disk. By counting the num- 
ber of crossings of the two waveforms, 
digital logic may be applied to follow 
bidirectional rotation. (Dynamics Re- 
search Corp., Dept. 420) 


® FREQUENCY-SELECTIVE VOLTMETER COV- 
ers the frequency range | to 400 kcy/sec. 
The instrument uses the heterodyne prin- 
ciple and crystal-filter selectivity. A 100- 





cy/sec-bandwidth filter and a 3-kcy/sec- 


bandwidth filter are provided. A direct- 
reading meter is calibrated from —90 to 
+32 dbm with accuracy +0.5 db over 
the instrument range. (Railway Commu- 
nications, Inc., Dept. 423) 


™ SCINTILLATION SPECTROMETER is an au- 
tomatic instrument that utilizes a step 
drive to advance the base line sequen- 
tially, | volt at a time, for up to 100 
channels. Counting time for each setting 
may be from 0.5 to 8 min. Counts are ac- 
cumulated, and the total is recorded at 
the end of the chosen period. Count in- 
tegration for the next channel starts as 
soon as the previous value has been reset 
to zero. (Baird-Atomic Inc., Dept. 431) 


™ CHLORIDE TITRATOR operates by react- 
ing chloride ions with electrochemically 
produced silver ions. A constant direct 
current between a pair of silver elec- 
trodes provides silver ions until all chlo- 
ride has been reacted. At this point un- 
reacted silver ions cause an abrupt in- 
crease in conductivity, actuating a relay 
to interrupt the current and stop a timer. 
Elapsed time is proportional to chloride 
content. Titration time usually ranges 
from 5 to 60 sec. (American Instrument 
Co., Inc., Dept. 432) 


®PpOTENTIOSTAT maintains the potential 
between an electrolyte and a test sample 
constant by monitoring the potential 
with a standard electrode. Potential is 
adjustable between 0 and + 2 v, and cur- 
rent is variable +50 ma. (Shandon Sci- 
entific Co., Ltd., Dept. 449) 

JosHuaA STERN 
National Bureau of Standards 
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BLICKMAN 


‘VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 








siickman FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 5910 Gregory Avenue. Wee- 
hawken, N. J. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol! of quality 
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NOW...COLLOIDIZE nzscrus 


WITHOUT ENDANGERING HUMAN LIFE! 








New Safety-Sealed WARING ASEPTIC DISPERSER Elimi- 
nates Aerosol Hazard . . . Lab Air Kept Pathogen-Free... 
Design Permits Temperature Control to Insure Maximum Yield 


Here is important safety news for everyone con- 
cerned with health hazards while liberating micro- 
organisms from diseased tissue. This new stainless 
steel Waring Aseptic Disperser does high speed 
blending while completely sealed. No infectious 
aerosol escapes. Fluids are aseptically transferred. 
Agitator has leakproof bearings. Water jacket pro- 
vides for temperature regulation. 


Any standard Waring Blendor base 
will operate the Aseptic Disperser. 
Colloidization is so fast and effective, 
maximum yield is attained. Samples 
can be removed by hypodermic needle. 
Entire Waring Aseptic Disperser can 
be autoclaved or otherwise sterilized. 
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WARING PRODUCTS CORPORATION 


25 West 43rd St., New York 36, N.Y. " 


Subsidiary of Dynamics Corporation of America 




















GENTLEMEN: 


Send me technical data on the new Waring 
Aseptic Disperser. 

















NAME, 









TITLE 









COMPANY 














ADDRESS 














CITY/ZONE 








——WRITE FOR COMPLETE SPECIFICATIONS —— | 





New Vacuum 
Valve Manual Free 


Write for Your Copy! 

























- 


NG 
EQUIPMENT 


Gives engineering information on types and uses of high vacuum 
valves. Contains valuable design data on more than 275 valves. Sizes 
Ye” to 20” manual and remote operation. Lists wye, globe, angle, 
slide, ball, air release, throttling and quick connect valves. Write for 
bulletin No. V3 today! 


Department 25-X 


NRC Equipment Corporation 
A subsidiary of National Research Corp. 
160 Charlemont Street, Newton 61, Mass. 


Accuracy to1/1o0 Macroliter! 
HAMILTON MICROLITER SYRINGES 
WITH CEMENTED NEEDLES 


When accurate liquid discharge is vital, such 
as in gas or vapor chromatography, these 
Hamilton Syringes are essential to your 
analytical work... 


* Three models—100, 50 and 10 microliter 
capacities —meet all requirements 
Skilled operators maintain accuracy of 
discharge to 1/10 of 1 microliter 


Precision of graduation is consistently better 
than 1% 

Fixed concentric needle minimizes dead 
volume in the syringe, prevents leakage 
Syringe is tested to be leak-tight with water 
at 150 psi 

Special needle point design easily perforates 
rubber closures without plugging 


Order direct —or write today for literature 
and prices! 


THE 


HAMILIUN COMPANY 


DEPARTMENT K 
1134 WHITLEY STREET * WHITTIER, CALIFORNIA 
A Complete Line of Precision, 





CS, Sa, Da, OE 




















Radiochemical Handling Equipment 
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THE IDEAL LAMP FOR TODAY'S MODERN 
LABORATORY, OFFICE OR PLANT 


Ideal because it directs all the light where you 
want it. With a light touch of the hand you raise, 
lower, turn, or tilt to any angle . . . get the de- 
sired focus and direction. 


Comfortable to work under too, because you 
eliminate reflections and disturbing shadows—and 
provide glare-free illumination. 





Technicians like Luxo Lamps because they 
are versatile and provide the proper light on 
the lab table, over instruments, on desks and 
over typewriters. 


Vast numbers of Luxo Lamps are now in use 
in laboratories, offices and factories throughout 
the world. Write for complete catalog showing 
all models and accessories. UL & CSA approved. 


LUXO LAMP CORPORATION 


SAN FRANCISCO, CAL. TUCK AHOE, N.Y. MONTREAL, Quesec 
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TRADE-MARK 


LABORATORY REAGENTS 
AVAILABLE HERE! 


CUPFERRON (ACS Reagent Grade) For Uranium 
assay; for precipitation of iron, titanium, molybdenum, 
vanadium, etc. 

GIRARD’S “P” Reagent and GIRARD’S “T” Reagent 
(Reagent Grade) For isolation and separation of 
ketonic materials. 

POTASSIUM METAPERIODATE (ACS Reagent 
Grade) For manganese determination; For steel 
analysis. 

PYRIDINIUM BROMIDE PERBROMIDE, C:H:N* 
HBr: Br, A solid, easily-handled source of Bromine. 

SODIUM METAPERIODATE (ACS Reagent, also 
AOCS Ea-6-51) Readily soluble periodate for glycerol 
analysis and manganese determination. 

THIOACETAMIDE (Reagent Grade) A safer substi- 
tute for HS in sulfide and metal ions precipitations. 

“VitaStain” (Reagent Grade, Triphenyltetrazolium 
Chloride) Used to determine viability of living plant 
tissues; study of enzyme systems and neoplasms. 

“ZEREWITINOFF” Reagent (1.0 N soln. MeMglI in 
purified n-butyl ether) For determination of active 
hydrogen. 








Write to our Dept. “B’—your letterhead please. Samples of 
these reagents not normally supplied! 














ARAPAHOE CHEMICALS, INC. 


2800 PEARL STREET + BOULDER, COLORADO 
PRODUCERS OF FINE ORGANIC. CHEMICALS 


24 OCTOBER 1958 


THE ONE LABORATORY TooL 
wiTH AN © of USES! 





















WARING 


Laboratories have found hundreds of uses for this ruggedly- 
built, gallon-size Waring Blendor. It does everything from 
macerating plant material to blending detergent-motor oils 

. everything from mixing pigments to grinding tissue. 
Most operations take only a few seconds! At top speed, the 
heavy-duty motor whirls stainless steel blades at 14,500 rpm. 
The stainless steel container is contoured for highest effi- 
ciency ; has an easy-pour hand'e and gasketed clamp lid with 
sampling section. 



























Save time. Save effort. Save money. Make this versatile 
Model CB-3 an important part of your standard laboratory 
equipment. It requires only a 9-inch square space and stands 
23 inches high. The 1.5 hp heavy-duty motor is lifetime 
lubricated—operates on 115 volts, 60 cycles, single phase. 
Push-button speed selectors for 14,500— 
12,000 — 9,000 rpm. 

Name your blending problem. Waring engi- 
neers will gladly help you solve it. 


NOW AVAILABLE SEPARATELY—37Y, oz. 
stainless steel container that withstands rough han- 
dling. For standard Waring Blendor. 


WARING PRODUCTS CORPORATION 
25 West 43rd St., New York 36, N. Y. " 


Subsidiary of Dynamics Corporation of America 






GENTLEMEN: 
Send me specifications on the Gallon- 
Size Waring Laboratory Blendor. 


NAME. 





TITLE, 





COMPANY. 





ADDRESS. 





city/ZONE STATE 


























Searching for One 
Dependable Source for 
All Your Research 
Biochemical Needs 


- 
- 


NUTRITIONAL BIOCHEMICALS 
CORPORATION offers you 
quality that merits your 
complete confidence... 
service you can always rely 
upon... plus the economy 
of lowest possible prices. 
@ OVER 300 AMINO ACIDS 


@ OVER 90 PEPTIDES 
@ MISCELLANEOUS 


@ OVER 200 NUCLEOPROTEINS, 


PURINES, PYRIMIDINES 
@ STEROID HORMONES 


BIOCHEMICALS @ BIOLOGICAL SALT 
@ VITAMINS MIXTURES 
yy @ ENZYMES @ BIOLOGICAL TEST 






















@ GROWTH FACTORS MATERIALS 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 


21010 Miles Avenue ... Cleveland 28, Obio Write For 


New Catalog 
Over 2300 Items 


July 1958 | 
Write Dept.102 | 















SQUARE 
FRACTIONATOR 


collects directly 
into test tube racks 


* Accurate collection in 
225 test tubes 


* 450 tedious test tube 
transfers are eliminated 


* Equipped with 3 racks 
— each with 5 rows, 
15 tubes per row 


* Improved volumetric unit 


* Timer or N.IL. drop 
counter attachment 
available 


The racks themselves, 
with all the test tubes in 
the order collected, may 
be removed from the 
fractionator for further 
processing. 





MODEL V15’ 


GILSON MEDICAL ELECTRONICS 
On Madison's West Beltline Highway 


Middleton, Wisconsin 
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| 
| TISSUE 
| PERISTALTIC PUMPS 


For transferring liquids or gasses 
through plastic er rubber tubing 
under controlled conditions. 


growing 


6 models. Each operates at different 
speed; each offers flow range through 
tubing up to 4” o.d. From 2 ml. per 
day pumped by one model to 75 ml. per 
minute by another. 


Flowing matter. never in contact with 
pump. Tubing is looped into pump, not 
threaded through an “eye”—perfect for 
aseptic transfer setups since ends re- 
main ccentamination-free: 








Write for Bulletin PA-S2 
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Newly designed scientific 
| “ | 
| 





tissue 


Constant speed or variable speed units 
with interchangeable trays for various 
tube sizes, small bottles or eggs. 
Speeds as low as 1/5 rpm. available, as 
well as ranges from 20-120 rpm. Other 
individual speeds as required. 


Write for Bulletin TC-S2 


research tools... 








CHROMATOGRAPHY 
DRYING OVEN 


e Full View of Color Development 
e Compact in Size e Moderate Cost 


CULTURE 
ROLLER TUBE APPARATUS 
For 


viruses in standard incubator rooms 
or cabinets. 


cultures or 





Concealed heating elements; heats rap- 
idly to 110° C. Accommodates 3 full- 
sized sheets. 







Can be readily placed on any laboratory 
bench equipped with water aspirator, or 
can be mounted on wall. 





Write for Bulletin CD-S2 




















BOX 606 @ NEW BRUNSWICK. N. J. 
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DIRECTORY OF ADVERTISED PRODUCTS 


Classified in the following pages are the products advertised in Science in the issues from 25 October 1957 through 17 October 
1958. This list is intended to aid laboratory workers in finding the manufacturers of all types of laboratory equipment and sup- 
plies. At the end of the classified list is a list of companies that advertised in ““The Market Place” section during the period 
25 October 1957 through 17 October 1958. An index of advertis:rs in this issue appears on page 1047. 


ABSORPTION CELLS 


Klett Manufacturing Co. 

1957: 1 Nov., 943; 15 Nov., 1036; 29 
Nov., 1129; 13 Dec., 1255; 27 Dec., 1357 

1958: 3 Jan., 41; 10 Jan., 100; 17 Jan., 
159; 24 Jan., 206; 31 Jan., 251; 7 Feb., 
299; 21 Feb., 427; 28 Feb., 446; 7 Mar., 
536; 14 Mar., 609; 21 Mar., 657; 28 
Mar., 709; 4 Apr., 763; 11 Apr., 827; 18 
Apr., 885; 25 Apr., 1000; 2 May, 1071; 
9 May, 1129; 16 May, 1193; 23 May, 
1260; 30 May, 1295; 6 June, 1354; 13 
June, 1403; 27 June, 1514; 4 July, 39; 11 
July, 98; 18 July, 155; 25 July, 216; 1 
Aug., 259; 8 Aug., 315; 15 Aug., 373; 22 
Aug., 431; 29 Aug., 484; 5 Sept., 546; 12 
Sept., 611; 19 Sept., 677; 26 Sept., 728; 
3 Oct., 783; 10 Oct., 855; 17 Oct., 919 


ACCELERATORS, VAN DE GRAAFF 


High Voltage Engineering Corp. 

1957: 29 Nov., 1094 

1958: 3 Jan., 2; 24 Jan., 176; 21 Feb., 
382; 21 Mar., 624; 18 Apr., 840; 16 May, 
1146; 13 June, 1370; 11 July, 60; 22 
Aug., 386; 19 Sept., 630; 17 Oct., 868 


ANALYZERS 


Applied Physics Corp. 
1957: 25 Oct., 873 
Eldorado Electronics 
1958: 25 July, 208; 8 Aug., 319 
Technical Measurement Corp. 
1958: 3 Oct., 746 


ANIMALS, EXPERIMENTAL 


Holtzman Company 

1957: 25 Oct., 893; 22 Nov., 1085; 20 
Dec., 1309 

1958: 17 Jan., 166; 14 Feb., 357; 14 
Mar., 614 
Taconic Farms 

1957: 25 Oct., 893; 15 Nov., 1037; 6 
Dec., 1213 


ANTIBIOTIC SENSITIVITY 
INDICATORS 


Difco Laboratories 

1957: 25 Oct., 857; 22 Nov., 1077; 20 
Dec., 1303 

1958: .17 Jan,, 159; 14 Feb., 355;' 14 
Mar., 609; 2 May, 1071; 30 May, 1300; 
27 June, 1507; 25 July, 215; 22 Aug., 
431; 19 Sept., 675; 17 Oct., 919 


“A TOMOTRON” 


Garfield, Oliver, Co., Inc. 
1958: 28 Feb., 481 


AUTOCLAVES 


Parr Instrument Co. 
1957: 25 Oct., 871 


24 OCTOBER 1958 


Wilmot Castle Co. 
1957: 6 Dec., 1203 


BAGS, AUTOPSY ROOM 


Busse Hospital Products 
1958: 14 Mar., 607 


BALANCES, ANALYTICAL 


Ace Glass. Inc. 

1957: 25 Oct., 850 
Ainsworth, Wm., & Sons, Inc. 

1957: 25 Oct., 860; 15 Nov., 1032; 6 
Dec., 1188 

1958: 28 Feb., 482, 483; 9 May; 1130, 
1131; 18 July, 153; 19 Sept., 669 
American Hospital Supply Corp., 
Scientific Products Div. 

1957: 25 Oct., 776 
Brinkmann Instruments, Inc. 

1957: 1 Nov., 937 

1958: 7 Feb., 304; 20 June, 1455; 12 
Sept., 605 
Central Scientific Co. 

1957: 25 Oct., 770 
Decker Corp. 

1958: 21 Feb., 365 
Exact Weight Scale Co. 

1958: 28 Mar., 715; 18 Apr., 883; 2 
May, 1072; 6 June 1344; 8 Aug., 317 
Mettler Instrument Corp. 

1957: 25 Oct., 800 

1958: 14 Mar., 558; 18 July, 106; 12 
Sept., 565 
Scientific Glass Apparatus Co., Inc. 

1958: 31 Jan., 252; 28 Mar., 708 
Standard Scientific Supply Corp. 

1958: 25 Apr., 1010 
Thomas, Arthur H.. Co. 

1958: 10 Oct., 860 
Torsion Balance Co. 

1958: 12 Sept., 558 
Welch. W. M., Manufacturing Co. 

1958: 7 Mar., 532; 5 Sept., 540 


BALANCES, ANIMAL 


Exact Weight Scale Co. 

1958: 6 June, 1344; 8 Aug., 317 
Ohaus Scale Corp. 

1958: 30 May, 1297; 26 Sept., 732 


BAROMETERS 


Central Scientific Co. 
1958: 11 July, 97; 12 Sept., 611 


BATHS 


American Hospital Supply Corp., 
Scientific Products Div. 
1958: 15 Aug., 329 
Labline. Inc 
1958: 26 Sept., 726 
Sargent, E. H., Co. 
1958: 16 May, 1142 


Scientific Glass Apparatus Co., Inc. 
1958: 25 Apr., 996 

Standard Scientific Supply Corp. 
1958: 5 Sept., 550 


BLOCK AND TACKLE 


Scott-Mitchell House, Inc. 
1958: 26 Sept., 730 


BLOOD GAS APPARATUS 


Phipps & Bird, Inc. 

1958: 11 July, 97; 25 July, 215 
Thomas, Arthur H., Co. 

1957:. 1 Nov., 944 


BOOKS AND JOURNALS 


Academic Press, Inc. 
1957: 6 Dec., 1204; 20 Dec., 1305 
1958: 7 Feb., 301; 21 Feb., 419; 25 
Apr., 983 
Addison-Wesley Publishing Co., Inc. 
1958: 19 Sept., 626 
Annual Reviews, Inc. 
1957: 25 Oct., 869; 15 Nov., 1033; 6 
Dec., 1207 
1958: 3 Jan., 44; 21 Feb., 415; 21 
Mar., 657; 25 Apr., 997; 16 May, 1199; 
6 June, 1351; 4 July, 43; 1 Aug., 261; 5 
Sept., 551; 3 Oct., 792 
Archaeology 
1958: 25 Apr., 988 
Basic Books 
1958: 25 Apr., 1003; 26 Sept., 687, 
727 
Biological Laboratory 
1958: 2 May, 1067 
Cambridge University Press 
1958: 25 Apr., 985 
Chronicle of United Nations Activities 
1958: 27 June, 1511 
Consultants Bureau, Inc. 
1957: 25 Oct., 852; 8 Nov., 984; 22 
Nov., 1078; 13 Dec., 1256; 20 Dec., 1302 
1958: 3 Jan., 40; 24 Jan., 198; 31 Jan., 
248; 14 Feb., 352; 21 Feb., 426; 7 Mar., 
533; 28 Mar., 667; 11 Apr., 820; 18 Apr., 
882; 25 Apr., 986; 9 May, 1122; 23 May, 
1250; 30 May, 1296; 6 June, 1346; 13 
June, 1400; 22 Aug., 42675 Sept., 548: 
19 Sept., 670; 10 Oct., 846 
Cranbrook Institute of Science 
1958: 25 Apr., 1000 
Doubleday & Co., Inc. 
1957: 22 Nov., 1081 
1958: 14 Feb., 358; 27 June, 1514 
Dover Publications, Inc. 
1958: 18 Apr., 837 
Dutton, E. P., and Co. 
1958: 25 Apr., 999 
Garfield, Eugene, Associates 
1958: 25 Apr., 927 
Harper & Brothers 
1958: 23 May, 1254 
Harvard University Press 
1957: 6 Dec., 1206 
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1958: 21 Feb., 416; 5 Sept., 542; 17 
Oct., 909 
Houghton Mifflin Co. 

1958: 25 Apr., 992 
Humanist Advance Committee 

1957: 25 Oct., 886; 13 Dec., 1259 
Interscience Publishers, Inc. 

1957: 25 Oct., 778 

1958: 25 Apr., 921 
Lea & Febiger 

1957: 6 Dec., 1203 

1958: 25 Apr., 925 
Library of Science 

1958: 21 Feb., 364; 22 Aug., 383; 17 
Oct., 911 
Little, Brown & Co. 

1957: 25 Oct., 879; 29 Nov., 1127; 6 
Dec., 1189 


Macmillan Co. 
1958: 25 Apr., 919 
Macy, Josiah, Jr. Foundation 
1957: 20 Dec., 1307 
1958: 25 Apr., 987; 5 Sept., 545 
Maxwell, I. R., & Co., Ltd. 
1957: 25 Oct., 802; 29 Nov., 1092; 20 
Dec., 1266 
1958: 11 Apr., 784; 18 Apr., 838; 11 
July, 52 
McGraw-Hill Book Co., Inc. 
1958: 25 Apr., 915 
Mosby, C. V., Co. 
1958: 25 Apr., 929 
Muirhead Instruments, Inc. 
1957: 25 Oct., 867 
Ohio State University Press 
1958: 28 Feb., 481 
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, New G-E x-ray 


microscope aS 


multiplies penetration, 
resolution, magnification 


New frontiers of research and development are 
being explored today with the General Electric 
x-ray microscope. Revealing internal structures 
invisible under conventional microscopy, this ver- 
satile instrument's high resolving power permits 
magnifications up to 1500 times. 

Images can be viewed on a fluoroscopic screen, 
photographed directly on Polaroid® film, recorded 
on conventional film or presented in stereo for 
that important third dimension, Specimens do 
not have to be placed in a vacuum, 

You can get complete information from your 
G-E x-ray representative. Or write X-Ray De- 
partment, General Electric Company, Milwaukee 
1, Wisconsin, for Pub. SC-104. 


Progress |s Our Most Important Product 
GENERAL @ 


ELECTRIC 








Oxford University Press 

1958: 21 Feb., 434; 25 Apr.; 1006; 12 
Sept., 613 
Pergamon Press 

1957: 1 Nov., 900; 8 Nov., 954; 15 
Nov., 996; 22 Nov., 1050; 6 Dec., 1156; 
13 Dec., 1220; 27 Dec., 1316 

1958: 3 Jan., 6; 10 Jan., 56; 17 Jan, 
112; 24 Jan., 174; 31 Jan., 212; 7 Feb., 
260; 14 Feb., 312; 21 Feb., 380; 28 Feb., 
448; 7 Mar., 498; 14 Mar., 560; 21 Mar., 
622; 28 Mar., 672; 4 Apr., 726; 2 May, 
1020; 16 May, 1140; 30 May, 1303; 6 
June, 1311; 13 June, 1364; 20 June, 
1414; 27 June, 1519; 4 July, 4; 26 Sept., 
688 
Philosophical Library 

1957: 29’ Oct; 858;, 1 Nov:,.936; 
Nov., 1042, 1043 

1958: 21 Feb., 423; 28 Feb., 445; 25 
Apr., 911 
Prentice-Hall, Inc. 

1957: 13 Dec., 1255 

1958: 14 Feb., 355; 14 Mar., 609; 25 
Apr., 991; 10 Oct., 855 
Princeton University, Industrial Relations 
Section 

1958: 21 Feb., 428 
Reinhold Publishing Corp. 

1958: 10 Jan., 54; 25 Apr., 994 
Ronald Press Co. 

1957: 1 Nov., 939; 6 Dec., 1198 

1958: 14 Feb., 351; 25 Apr., 1003; 6 
June, 1350; 18 July, 154 
Saunders, W. B., Co. 

1957: 8 Nov., 947; 6 Dec., 1139 

1958: 3 Jan., 3; 14 Feb., 307; 14 Mar., 
555; 4 Apr., 725; 11 Apr., 779; 18 Apr., 
881; 25 Apr., 899; 2 May, 1065; 9 May, 
1083; 16 May, 1143; 23 May, 1203; 6 
June, 1307; 4 July, 3; 1 Aug., 223; 12 
Sept., 559; 10 Oct., 799 
Simmons-Boardman Books 

1958: 23 May, 1252 
Simon and Schuster, Inc. 

1958: 17 Oct., 914 
Society for General Systems Research 

1958: 25 Apr., 991 
Stanford University Press 

1957: 6 Dec., 1190 

1958: 25 Apr., 988 
Thomas, Charles C. 

1958: 14 Feb., 348 
United Nations 

1958: 15 Aug., 328 
University of Chicago Press 

1957: 13 Dec., 1223 

1958: 25 Apr., 923; 23 May, 1206 
University of Wisconsin Press 

1957: 6 Dec., 1200 
Van Nostrand, D., Co., Inc. 

1958: 3 Jan., 39; 25 “Apr; 9S1s 42 
Sept., 563; 17 Oct., 863 
Wiley, John, & Sons, Inc. 

1957: 15 Nov., 995; 6 Dec., 1142, 1143 

1958: 10 Jan., 51; 14 Feb., 308; 14 
Mar., 556; 25 Apr., 902, 903; 10 Oct., 800 
Yale University Press 

1958: 23 May, 1254 
Year Book Publishers, Inc. 

1958: 31 Jan., 210 
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CAGES, ANIMAL 


American-Lincoln Incubator Co. 
1958: 17 Oct., 918 
Porter-Mathews Co., Inc. 
1958: 26 Sept., 731 
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Just published: Vol. 12 (581 pages) 
ANNUAL REVIEW OF 


MICROBIOLOGY 


Editorial Committee: S. P. Chilton, C. E. Clifton, 
C. A. Evans, R. E. Hungate, T. M. Sonneborn, 
W. W. Umbreit 


Bacterial Protoplasts 

Bacterial Viruses (With Particular Reference to 
Adsorption/ Penetration) 

Newly Recognized Respiratory Tract Viruses 

The Use of Bacteria Grown In Vivo for Studies on 
the Basis of Their Pathogenicity 

Parasitic Diseases of Man (Recent) 

The Control and Eradication of Animal Diseases in 
the United States 

Metabolism of Carbohydrates and Related Compounds 

Inorganic Nitrogen Metabolism 

Microbial Nutrition 

Nutrition and Ecology of Protozoa and Algae 

Bacterial Genetics 

Genetics of Fungi 

Review of the Microbiological and oe 
Literature Published in 1957 in the U.S.S.R. 

Antibiotics in the Control of Plant Diseases 

Masked Virus Infection in Plants 

Plant Tissue Cultures Open a Botanical Frontier 

Factors Determining the Pathogenicity of Staphy- 
lococci 

Microbiological Aspects of Radiation Preservation 
of Food 

Chemical Disinfectants 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 























Hemotrol* 


ade Mark 


new internal 
hemoglobin 
standard 


e stable human blood—18 months 


ecan be used with any method employing any 
photometer 


e internal standard—goes through the entire pro- 
cedure in parallel with the unknown specimen 


e independently standardized by total iron, oxyhemo- 
globin, and cyanmethemoglobin methods—accurate 
to 1% of true value 


Available at your dealer 


Technical data on request 


CLINTON LABORATORIES 


6010 Wilshire Boulevard, Los Angeles 36, California 


*PATENT APPLIED FOR 
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MECHANICAL HAND 


Apparatus Clamp 





An apparatus clamp that always provides convenience 
and positive grasping power. ONE STYLE and 2 
SIZES meet every clamping requirement, The NYLAB 
Mechanical Hand can firmly grasp, with equal effi- 
ciency, any object from a thin wire to a condenser or 
flask. Adapts to and holds all c ional sh 





P 


The most versatile laboratory clamp yet designed! 






Bird's-eye-view showing the exclusive swivel feature of 
Mechanical Hand .... A new type of V-Block mounting 
provides complete angular adjustability . . . . Flip-over 
clamping arm (one side for small objects—the other side 
for large objects) adjusts for apparatus up to 34%” 
maximum diameter. 


Constructed of a strong, corrosion resistant aluminum alloy 
with small parts of stainless steel. 
Small size 

Range: 0 to 2%," Range: 0 to 34%,” 
Catalog No. 22990-6 Catalog No. 22990-10 
$4.25 $4.75 


Large size 











Write for further detailed information. 





en 
Ne w York Laboratory Supply Co., Inc. 


78 VARICK STREET NEW Y K 13 
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\MAEOD GAUGE? 


ACCURATE TO WITHIN + 3% 
Trubore tubing assures accuracy 


and interchangeability 


within each pressure range. 
Now supplied with hammer-tone grey 


metal stand for greater stability. 
New metal locking device has 


positive holding action—eliminates 


= need for glass hooks and springs. 
— Gauge will hold at any position 


to which it is rotated. 


Pressure Range Lowest Reading 
mm. Hg. 


Type mm. Hg. 
A 0-1.0 

B 0-5.0 

C 0-10.0 
D 0-15.0 


0.001 
0.005 
0.010 
0.050 


No error due to change of shape of 


meniscus 


ACE GLASS INCORPORATED 


8726 


Write Dep't MG E 
for details and prices 


VINELAND @ NEW JERSEY 


‘LOUISVILLE, KY., BOX 996 





XN 











STABLE 
ISOTOPES 
OF OXYGEN 


Enriched Water available 


Now up to 95 atom % O" 


up to 2.0 atom % (C)” 


For information write to: 


ISOTOPE DEPARTMENT 


WEIZMANN INSTITUTE 


OF SCIENCE 
REHOVOTH, ISRAEL 














New higher sensitivity 


GAUSSMETERS 








Rawson-Lush patented Rotating Coil type, 
now available with a wide range of coil 
sizes to give different sensitivities. New 
large coil type 726 indicates the Earth's 
magnetic field. 


FEATURES—Type 726: 

e Ranges 3— 10—30— 100—-300— 1000 
gausses full scale, all in one instru- 
ment. Tip diameter 114”. ; 

@ Guaranteed accuracy 1% or better. 
Readings are obtained on a high-qual- 
ity laboratory type meter with a five 
inch scale length, knife edge pointer, 
mirror scale. 

@ Does not require field uniformity. Coil 
gives average field over its volume, so 
a distorted field can be measured. 

@ Measures component of the tield in a 
desired direction, as well as total in- 
tensity. 

e@ Simple operating principles, 
use and maintain. 

@ Compact and portable, just one meter 
and long probe unit. 

Also available—type 504 Fluxmeter, for 
measuring lines in magnetic circuits. Send 
for bulletins. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


fine instruments since 1918 
127 Potter Street Cambri?ge, 


simple to 


Mass. 














1020 





CAMERAS AND ACCESSORIES 


American Optical Co., Instrument Div. 
1958: 3 Oct., 796 
Brinkmann Instruments, Inc. 
1958: 13 June, 1397 
Central Scientific Co. 
1957:-15 Nov., 1039; 13 Dec., 
1958: 10 Jan., 103; 
Mar., 719; 4 Apr., 723 
Edmund Scientific Co. 
1958: 11 July, 103 
Phipps & Bird, Inc. 
1958: 21 Feb., 430 
Polaroid Corp. 
1957+ 29 Oct., 173 
United Scientific Co., Unitron Instrument 
Div. 
1958: 


1218 
21 Feb., 368; 28 


26 Sept., 739 


CATALOGS 


Allied Radio 
1958: 3 Jan., 43; 21 Feb., 419 
American-Lincoln Incubator Co. 
1958: 17 Oct., 918 
American Optical Co., Instrument Div. 
1957: 22 Nov., 1088 
1958: 18 Apr., 896 
Applied Physics Corp. 
1957: 6 Dec., 1193 
Atomic Accessories, Inc. 
1957: 25 Oct., 890 
Baird-Atomic, Inc. 
1957: 6 Dec., 1194 
Bausch & Lomb Optical Co. 
1957: 8 Nov., 956; 6 Dec., 
Dec., 1270; 27 Dec., 1354 
1958: 17 Jan., 114; 31 Jan., 214; 28 
Mar., 674; 9 May, 1090; 20 June, 1418; 
1 Aug., 226; 15 Aug., 336; 29 Aug., 444; 
26 Sept., 692 
Beckman Instruments, Inc., Scientific and 
Process Instruments Div. 
1958: 12 Sept., 614 
Bellco Glass, Inc. 
1957: 25 Oct., 891; 27 Dec., 1357 
1958: 14 Mar., 611; 11 Apr., 822; 25 
Apr., 1005; 30 May, 1295 
California Corporation for Biochemical 
Research 
1958: 18 July 108; 29 Aug., 491 
Clay-Adams, Inc. 
1957: 6 Dec., 1207 
Colorado Serum Co. 
1957: 25 Oct., 869; 15 Nov., 1026 
1958: 21 Feb., 415; 25 Apr., 999; 16 
May, 1196; 13 June, 1397 
Corning Glass Works 
1957: 6 Dec., 1153 
1958: 3 Jan., 5; 14 Feb., 351; 7 Mar, 
491; 11 Apr., 818; 2 May, 1079; 5 Sept., 
499 
Duralab Equipment Corp. 
1958: 3 Oct., 791 
Edmund Scientific Co. 
1958: 6 June, 1310 
Fisher Scientific Co. 
1958: 8 Aug., 314; 10 Oct., 852 
Greiner, Emil, Co. 
1958: 12 Sept., 561 
Harshaw Chemical Co. 
1957: 25 Oct., 877 
Lourdes Instrument Corp. 
1958: 26 Sept., 725 
Metalab Equipment Co. 
1957: 25 Oct., 866 
Nalge Co., Inc. 
1957: 27 Dec., 1356 
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' 1958: 17 Jan., 162; 21 Feb., 420; 25. 
Apr., 914; 16 May, 1188; 13 June, 1396; 
18 July, 158; 8 Aug., 318; 19 Sept., 668 
National Research Corp., NRC Equip- 
ment Corp. 

1958: 5 Sept., 542 
Nutritional Biochemicals Corp. 

1957: 25 Oct., 853; 8 Nov., 952: 22 
Nov., 1081; 6 Dec., 1189; 20 Dec., 1304 

1958: 3 Jan., 41; 17 Jan., 110; 31 Jan., 
251; 14 Feb., 358; 28 Feb., 446; 14 Mar., 
611; 28 Mar., 709; 11 Apr., 827; 25 Apr., 
991; 9 May, 1132; 23 May, 1253; 6 June, 
1351; 20 June, 1455; 4 July, 39; 18 July, 
159; 1 Aug., 264; 15 Aug., 375; 29 Aug., 
487; 12 Sept., 616; 26 Sept., 724; 10 Oct. 
851 
Olympus Optical Instrument Co. 

1957: 6 Dec., 1197 
Research Specialties Co. 

1958: 21 Feb., 430 
Sanborn Co. 

1957: 6 Dec., 1149; 20 Dec., 1269 

1958: 17 Jan., 111 
Schwarz Laboratories, Inc. 

1958: 16 May, 1186 
Sigma Chemical Co. 

1958: 10 Jan., 99; 14 Feb., 355; 14 
Mar., 615; 25 Apr., 997; 23 May, 1259; 
20 June, 1449; 18 July, 155; 15 Aug., 
373; 10 Oct., 854 
Tracerlab, Inc. 

1958: 21 Mar., 655 
United Scientific Co., Unitron Instrument 
Div. 

1957: 25 Oct., 781; 8 Nov., 986; 22 
Nov., 1082; 13 Dec., 1222 

1958: 7 Feb., 297; 14 Feb., 350; 21 
Feb., 371; 28 Feb., 481; 7 Mar., 493; 14 
Mar., 606; 21 Mar., 652; 28 Mar., 712; 
4 Apr., 764; 11 Apr., 819; 18 Apr., 835; 
25 Apr., 999; 2 May, 1070; 9 May, 1125; 
23 May, 1254; 30 May, 1298; 13 June, 
1403; 27 June, 1469; 25 July, 171; 5 
Sept., 547; 12 Sept., 612; 19 Sept., 668; 
3 Oct., 791 
Will Corp. 

1957: 15 Nov., 1031 

1958: 24 Jan., 200; 21 Mar., 654; 25 
Apr., 984; 16 May, 1191; 18 July, 157; 
22 Aug., 432 
Wilmot Castle Co. 

1957: 25 Oct., 854 
Winthrop Laboratories 

1958: 14 Feb., 348; 21 Mar., 657; 25 
Apr., 1000 


CENTRIFUGES 


Beckman Instruments, Inc., Spinco Div. 

1957: 25 Oct., 785; 6 Dec., 1147 

1958: 28 Feb., 487; 25 Apr., 926; 19 
Sept., 622; 17 Oct., 862 
International Equipment Co. 

1957: 25 Oct., 783; 8 Nov., 949; 22 
Nov., 1087; 6 Dec., 1141 

1958: 21 Feb., 439; 21 Mar., 621; 25 
Apr., 913; 23 May, 1263; 20 June, 1416; 
18 July, 111; 19 Sept., 627; 17 Oct., 866 
Labline, Inc., Chicago Surgical & Elec- 
trical Co. Div. 

1958: 2 May, 1069; 29 Aug., 438 
Little, Arthur D., Inc., Engineering Div. 

1957: 25 Oct., 784 
Lourdes Instrument Corp. 

1957: 25 Oct., 775 

1958: 24 Jan., 171; 7 Mar., 534; 25 
Apr., 924; 26 Sept., 725 
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WILD \\i 20 


Meets the very highest 
requirements for research 
and scientific exploration, 
and provides unmatched 
versatility in many fields of 
microscopy. 


Features include sextuple revolving 
nosepiece if desired « 20 Watt built-in 
illumination e beam splitting photo- 
tube for binocular focusing for photo- 
micrography e phase contrast plus a 
complete line of attachments for 
every observation method. 


WILD \ 11 


A highly precise instrument, 
ideal for the laboratory and 
many research applications. 


Lightweight, easily portable and self- 
protected by the sturdy steel hood, 
the Wild M 11 offers a degree of ver- 
satility and precision far beyond its 
price and size. Outstanding optics, 
low-placed fine adjustment, easily 
interchangeable accessories and 
many other features make this a 
most noteworthy instrument for hos- 
pitals, expeditions and educational 
institutions. 


DETAILED DESCRIPTIONS AND TECHNICAL DATA’‘ARE GIVEN 
IN BOOKLETS M20 AND M11. WRITE FOR YOUR COPIES TODAY! 


WILD HEERBRUGG 
INSTRUMENTS, inc. 


Main at Covert Streets’ Port Washington, N.Y. POrt Washington 7-4843 
SALES * FUSE FACTORY SERVICES 
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Sorvall, Ivan, Inc. 

1957: 25 Oct., 791; 6 Dec., 1155 

1958: 24 Jan., 207; 21 Feb., 370; 28 
Mar., 670; 25 Apr., 918; 23 May, 1208; 
20 June, 1415; 18 July, facing 136; 22 
Aug., 384; 26 Sept., 690 
Standard Scientific Supply Corp. 

1957: 25 Oct., 876 


CENTRIFUGE ACCESSORIES 


American Hospital Supply Corp., 
Scientific Products Div. 
1958: 15 Aug., 329 
Beckman Instruments, Inc., Spinco Div. 
1957: 25 Oct., 785; 6 Dec., 1147 
1958: 17 Oct., 862 
Corning Glass Works 
1958: 2 May, 1079 
International Equipment Co. 
1958: 20 June, 1416; 18 July, 111 
Lourdes Instrument Corp. 
1957: 25 Oct., 775 
1958: 7 Mar., 534; 25 Apr., 924 
Nalge Co., Inc. 
1958: 25 Apr., 914; 18 July, 158 
Standard Scientific Supply Corp. 
1957: 25 Oct., 876 


CHARTS, BIOLOGICAL 

Welch, W. M., Manufacturing Co. 
1957: 6 Dec., 1189 

CHEMICALS, BIOLOGICAL 


Arapahoe Chemicals, Inc. 
1957: 25 Oct., 861 


Borden Co., Chemical Div. 

1958: 24 Jan., 204; 21 Feb., 430;-7 
Mar., 532; 25 Apr., 993; 23 May, 1260; 
17 Oct., 919 
California Corporation for Biochemical 
Research 

1958: 18 July, 108; 29 Aug., 491 
Clinton Laboratories 

1957: 25 Oct., 889 

1958: 11 July, 98 
Difco Laboratories 

1957: 25 Oct., 857; 22 Nov., 
Dec., 1303 

1958: 17 Jan., 159; 14 Feb., 355; 14 
Mar., 609; 2 May, 1071; 30 May, 1300; 
25 July, 215; 22 Aug., 431; 19 Sept., 675; 
17 Oct., 919 
Isotopes Specialties Co., Inc. 

1958: 17 Jan., 165; 7 Mar., 532 
Mann Research Laboratories, Inc. 

1958: 28 Feb., 481; 28 Mar., 713; 25 
Apr., 987; 23 May, 1259; 26 Sept., 731 
Nutritional Biochemicals Corp. 

1957: 25 Oct., 853; 8 Nov., 952; 22 
Nov., 1081; 6 Dec., 1189; 20 Dec., 1304 

1958: 3 Jan., 41; 17 Jan., 110; 31 Jan., 
251; 14 Feb., 358; 28 Feb., 446; 14 Mar., 
611; 28 Mar., 709; 11 Apr., 827; 25 Apr., 
991; 9 May, 1132; 23 May, 1253; 6 June, 
1351; 20 June, 1455; 4 July, 39; 18 July, 
159; 1 Aug., 264; 15 Aug., 375; 29 Aug., 
487; 12 Sept., 616; 26 Sept., 724; 10 Oct., 
851 
Pabst Brewing Co., Pabst Laboratories 
Div. 

1957: 1 Nov., 902 
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NOW — from "any point in “the 
country—you can order STEELAB 
quality equipment right off-the- 
shelf for immediate delivery. 
This means that you can set 
up an operating lab... exactly 
to your liking, floor plan and 
budget . . . virtually overnight. 


SLL TIM OlNIal 
DESKS e 
Braun Chemical Company 


Braun-Knecht-Heimann Co, 
Scientific Supplies Co, 


Since 1920 


from plan to working lab.. 


interchangeabte 
modules 












CABINETS @® SINKS © TABLES * FUME HOODS 
FIXTURES AND ACCESSORIES 
Immediate Delivery from Warehousing Distributors 


Harshaw Scientific 
Arthur S. La Pine & Co. 


plus Field Representatives listed in your classified directory 
LABORATORY FURNITURE CO., INC. 
MINEOLA, LONG ISLAND, NEW YORK ® pPHone: 


Over 50,000 Installations 






.overnight with Bu 


HUNDREDS OF 
COMBINATIONS TO 
CUSTOM-FIT ANY LAB 


Write or Call Today 
for FREE Catalog No. we-s 
and ‘‘Module Planning Kit’’ 


Pe pe 


GERMESEEMEES ete ae eee eee 


PIONEER 2-3600 








Schwarz Laboratories, Inc. 

1957: 25 Oct., 851; 15 Nov., 1027; 6 
Dec., 1191; 27 Dec., 1355 

1958: 24 Jan., 201; 21 Feb., 417; 7 
Mar., 547; 16 May, 1186; 20 June, 1457; 
18 July, 160; 29 Aug., 485; 5 Sept., 543; 
17 Oct., 913 
Sigma Chemical Co. 

1957: 6 Dec., 1195 

1958: 10 Jan., 99; 14 Feb., 355; 14 
Mar., 615; 25 Apr., 997; 9 May, 1124; 23 
May, 1259; 20 June, 1449; 18 July, 155; 
15 Aug., 373; 12 Sept., 609; 10 Oct., 854, 
855 
Winthrop Laboratories 

1957: 25 Oct., 875; 29 Nov., 1129 

1958: 14 Feb., 348; 21 Mar., 657; 25 
Apr., 1000; 30 May, 1295; 11 July, 94 
Worthington Biochemical Co. 

1957: 25 Oct., 794 


CHEMICALS, GENERAL 


Borden Co., Chemical Div. 

1958: 24 Jan., 204; 25 Apr., 993 
Foote Mineral Co. 

1958: 28 Feb., 444; 28 Mar., 671; 23 
May, 1205; 11 July, 53; 19 Sept., 625 
Harshaw Chemical Co. 

1957: 25 Oct., 877; 
Dec., 1211 

1958: 10 Jan., 97; 21 Feb., 421; 16 
May, 1189; 15 Aug., 367; 19 Sept., 671 
Isomet Corp. 

1958: 21 Feb., 419; 7 Mar., 548 
LaMotte Chemical Products Co. 

1957: 25 Oct., 872 
Lithium Corporation of America, Inc. 

1957: 25 Oct., 788 
Mallinckrodt Chemical Works 

1958: 25 Apr., 905; 8 Aug., 271; 3 
Oct., 743 
Schwarz Laboratories, Inc. 

1958: 16 May, 1186 
Scientific Glass Apparatus Co., Inc. 

1957: 25 Oct., 880 
Sigma Chemical Co. 

1958: 9 May, 1124 
Thomas, Arthur H., Co. 

1958: 1 Aug., 268 
Weizmann Institute of Science, Isotope 
Dept. 

1958: 25 Apr., 999; 16 May, 1190; 
13 June, 1398; 11 July, 100; 15 Aug., 
368; 12 Sept., 606 


15 Nov., 1033; 6 


CHEMICALS, ORGANIC 


Arapahoe Chemicals, Inc. 
1958: 25 Apr., 1009 

Harshaw Chemical Co. 
1958: 21 Mar., 651; 

May, 1189; 15 Aug., 367 


18 Apr., 885; 16 


CHEMICALS, TRACER 


Radiochemical Centre 
1958; 18 July, 167; 15 Aug., 375; 12 
Sept., 605 
Research Specialties Co. 
1957: 29 Nov., 1132; 6 Dec., 1205 
1958: 17 Jan., 110; 16 May, 1199; 5 
Sept., 541 
Schwarz Laboratories, Inc. 
1957: 15 Nov., 1027; 6 Dec., 1191 
1958: 24 Jan., 201; 11 Apr., 821; 16 
May, 1186; 20 June, 1457; 18 July, 160; 
17 Oct., 913 
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PHOTOVOLT bensitometer 
; ach ay a for Partition Chromatography 
Reliability and Paper Electrophoresis 
MH from 
; COLORADO 
SERUM CO. 
5 If your laboratory and 
research needs include animal 
bloods and serums, 
hemolysin or complements, you 
can order with confidence 
from Colorado Serum Co. 
35 years of 
iasitlaten frscars éniisteuit A photoelectric precision instrument for the rapid 
research and testing, devotion to product quality, and the and convenient evaluation of strips and sheets 
maintenance of our own animals insure you that Reliability is of filter paper in partition chromatography and 
Bo = included in your order from Colorado Serum Co. paper electrophoresis. 
WRITE FOR FREE CATALOG TODAY > ay 
6 No salesman will call. —eige Write for Bulletin +800 to 
16 7 oe 
71 COLORADO |{| SERUM CO. PH O TOVOLT CO RP. 
= Madison Avenue — New York 16, N. Y. 
Pphadushers pH meters Electronic Photometers 
PEA F QUALITY Fi i R flec io Me M i : om 
Laboratory and General Office ety seaphialéineaces Olesen whi por | r 
4950 YORK STREET * DENVER 16, COLORADO © MAin 3-5373 i. ‘ Sus 
EGG YU... zy ZY \\ S 
CENCO® y \ 
COULOMETRIC dl-ARTERENOL HCl y 
1-ARTERENOL BITARTRATE y 
T 4 T R AT 0 R AS (norepinephrine) Y) 
ANS y 
0; FOR RAPID f\ fA AUTOMATIC \ l-EPINEPHRINE BITARTRATE y 
ig. WS 
TITRATIONS WS Also the Corresponding : 
NY \N 
¥ META-METHYL ETHERS: N 
Measures both : iy N \ 
mercaptans 4 dl-METANEPHRINE HCI N 
and olefins w d \\ 
accurately... % an NY 
automatically g WN 
Simple to % ° MG 
” dil-NORMETANEPHRINE HCl \ 
operate. — fs \ : 
— wide : Available Now For \ 
connectable x Laboratory Investigation \ 
Registers reaction N And Analytical Standards AN 
g WS \ Vy 
12 time directly in > WS \\ 
tenths of a second. wae a N x S» NN 
Write for \ NN NY Hin 
pepeapne 8 Licensed under patent rights Standard Oil Co. (Ind.) \ WI SPECIAL CHEMICALS DEPT. Y) 
ee \ SS) F UY 
LENCO CENTRAL SCIENTIFIC CO. » withrop aah Geet j 
1718-Mirving Park Road * Chicago 13, Iinois LGSR ’ Y 
Branches and Wareh ~- de, N. J. UGE: LABORATORIES N.Y. 18, N.Y. Mb 
BR Boston © Birmingham © Santa Clara e Los Angeles ¢ Tulsa z tify Z Y yyy 
16 Houston e Toronto Montreal * Vancouver @ Ottawa Z Uy 7 Yy 
60; UY; Yy III \\“Yyy YY 
‘Y i“ NS LY We WH; Uy Y, 
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MODERN MATERIALS 


Advances in Development and Applications 


Edited by Henry H. Hausner 


NEW ACADEMIC PRESS BOOKS 


Volume 1, September 1958, 402 pp., illus., $12.50 


ELECTRONIC DIGITAL COMPUTERS 


Their Use in Science and Engineering 


By F. L. Att 


August 1958, 336 pp., illus., $10.00 


PROGRAMMING FOR AN AUTOMATIC DIGITAL 


CALCULATOR 


By KaTHLEEN H. V. BootH 


238 pp., illus., $7.50 


MECHANICAL RESOLUTION OF LINGUISTIC PROBLEMS 


By A. D. Bootu, L. BRANDWoop, and J. P. CLEAVE 
February 1958, 306 pp.., illus., $9.80 


NUMERICAL METHODS 


Second Edition 
By A. D. Bootu 


AUTOMATIC DIGITAL CALCULATORS 


Second Edition 


By A. D. Bootn and KaTH.een H. V. BootH 


RESEARCH FILMS 


, 195 pp., illus., $6.50 


1956, 261 pp., illus., $6.00 


in Biology, Anthropology, Psychology, and Medicine 


By AntHoNy R. MICHAELIS 


1955, 490 pp., illus., $10.00 


Detailed literature available upon request 


ACADEMIC PRESS INC. 
111 Fifth Avenue, New York 3, New York 























SCIENTIFIC INDUSTRIES 


ULTRA-BURET 


A NEW INSTRUMENT THAT 

GIVES YOU 

@ PRECISE CONTROL OVER ULTRA- 
MICRO QUANTITIES—Markings to 
.001 ml.; can be read to .0001 mi. 

@ HIGH CAPACITY—up to 7 ml. with- 
out refilling. Ultra-micro and macro. 

e ay READING ON CALIBRATED 
WHEEL—No meniscus; simple reset 
to zero to start each titration. 

@ INSTANT SPEED ADJUSTMENT— 
Perfect control without use of valves 
or stopcocks. Just turn the wheel. 

Take Advantage of our 
30 Day Test in your Laboratory 
Ask your Laboratory Supply 
Dealer for particulars . . . or 
write for Descriptive Bulletin! 


SCIENTIFIC INDUSTRIES, INC. 


27 Park Street Springfield 3, Mass. 
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NEW 
SMALL SOURCE 
Ultra-Violet 


pencil type lamp 
3/8” in diameter, 4-6” in length 


8 models, ideal for far'U.V. 
examination of small areas. 


High intensify, suitable for 
collimator use and laboratory 
instrumentation applications. 


Also, complete line of near 
and far ultra-violet lamps 
4-100 watts available in 
various sizes and models. 


For specific information 
please write: dept. S-1 


ULTRA-VIOLET PRODUCTS Inc. 
San Gabriel, California 














CHROMATOGRAPHY EQUIPMENT 


Angel, H. Reeve, & Co., Inc. 

1957: 6 Dec., 1148 
Beckman Instruments, Inc., Scientific 
Instrument Div. 

1958: 13 June, 1367; 8 Auc., 270; 26 
Sept., 686 
California Laboratory Equipment Co. 

1958: 11 Apr., 823; 9 May, 1123; 1 
Aug., 264 
Central Scientific Co. 

1958: 7 Mar., 490; 25 July, 215; 5 
Sept., 546 
Eaton-Dikeman Co. 

1958: 16 May, 1194 
Labline, Inc. 

1957: 25 Oct., 881; 29 Nov., 1127 
New York Laboratory Supply Co., Inc. 

1958: 21 Feb., 424 
Nuclear-Chicago Corp. 

1958: 4 Apr., 724; 23 May, 1264 
Nuclear Corporation of America, NRD 
Instrument Co. Div. 

1958: 27 June, 1515 
Packard Instrument Co. 

1950s EO) tan... 96: 7 Mar, 990; 17 
July, 99; 5 Sept., 552; 3 Oct., 790 
Photovolt Corp. 

1957: 22 Nov., 1081; 13 Dec., 1255 

1958: 3 Jan., 41; 7 Feb., 299; 14 Mar., 
615; 9 May, 1132; 27 June, 1507; 25 
July, 211;.15 Aug., 367; 5 Sept., 545; 19 
Sept., 671 
Research Specialties Co., Reco Div. 

1957: 22 Nov., 1077 

1958: 14 Mar., 610; 18 Apr., 888; 4 
July, 38; 1 Aug., 260; 26 Sept., 729 
Scientific Glass Apparatus Co. 

1957: 22 Nov., 1048 

1958: 21 Feb., 372 
Thomas, Arthur H., Co. 

1958: 6 June, 1360 


CLEANING EQUIPMENT 


Aloe, A. S., Co., Aloe Scientific Div. 
1958: 3 Oct., 785; 17 Oct., 919 
Branson Ultrasonic Corp. 
1958: 17 Oct., 918 
Fisher Scientific Co. 
1958: 9 May, 1128 
Narda Ultrasonics Pigs 
1958: 10 Jan., 14 Mar., 615; 25 
Apr., 1005; 16 ~ay ‘tie: 9 Sept., 677 


CLEANSERS 


Alconox, Inc. 

1958: 19 Sept., 680 
American Hospital Supply Corp., 
Scientific Products Div. 

1958: 21 Feb., 374 
Linbro Chemical Co. 

1957: 25 Oct., 855; 6 Dec., 1197 

1958: 10 Jan., 97; 21 Feb., 427; 14 
Mar., 609; 25 Apr., 1009 
Meinecke & Co., Inc. 

1958: 14 Feb., 353; 11 Apr., 825; 20 
June, 1458; 15 Aug., 372; 12 Sept., 613; 
10 Oct., 848 


COLORIMETERS 


Bausch & Lomb Optical Co. 
1957: 8 Nov., 956 
1958: 9 May, 1090; 1 Aug., 226 
New York Laboratory Supply Co., Inc. 
1958: 7 Mar., 539 
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COMBUSTION APPARATUS 


Thomas, Arthur H., Co. 
1958: 21 Feb., 440 


COMPUTING INSTRUMENTS 


Philbrick, George A., Researches, Inc. 
1958: 9 May, 1088 


CONDENSERS 


Ace Glass, Inc. 
1958: 6 June, 1350 


CRUCIBLES 


Ace Glass Inc. 
1958: 11 Apr., 825 


CURRENT INTEGRATOR 


Eldorado Electronics 
1958: 9 May, 1120; 12 Sept., 612 


DENSITOMETERS 


Photovolt Corp. 
1957: 22 Nov., 1081; 13 Dec., 1255 
1958: 3 Jan., 41; 7 Feb., 299; 14 Mar., 
615; 9 May, 1132; 27 June, 1507; 25 
July, 211; 15 Aug., 367; 5 Sept., 545; 19 
Sept., 671 


DESALTERS 


Research Specialties Co., Reco Div. 
1957: 20 Dec., 1303 
1958: 24 Jan., 199; 28 Mar., 713 
Scientific Glass Apparatus Co. 
1957: 22 Nov., 1048 


DESICCATORS 


Ace Glass, Inc. 

1958: 9 May, 1126; 29 Aug., 482 
Phipps & Bird, Inc. 

1957: 22 Nov., 1079 


DIALYZERS 


Oxford Laboratories 


1957: 25 Oct., 863 


DIFFRACTION GRATINGS 


Farrand Optical Co., Inc. 
1957: 25 Oct., 795 
1958: 13 June, 1397; 15 Aug., 373 


DIFFRACTOMETERS 


Philips Electronics, Inc., Instruments Div. 


1957: 6 Dec., 1140 


DOSIMETERS 


Cambridge Instrument Co., Inc. 
1958: 3 Oct., 785 


DRILLS 


Scott-Mitchell House, Inc. 
1958: 26 Sept., 730 


ELECTROMETERS 


Applied Physics Corp. 
1957: 25 Oct., 873; 6 Dec., 1193 
1958: 25 Apr., 989; 22 Aug., 427 
Atomic Accessories, Inc. 
1957: 25 Oct., 890 
Cambridge Instrument Co. 
1957: 25 Oct., 869 
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In Canada: P.O. Box 179, Station S, Toronto 18, Ont. 





Positive stop readings in 1.13 seconds 






MODEL 
4203B-TC-SA 





SHADOGRAPH* 


small animal balance provides 
visible accuracy to 350 milligrams 


Model 4203B-TC-SA Shadograph is designed especially for 
high-speed, precision weighing of mice, chicks, frogs and small 
rats. It can reduce tedious weighing operations by hours... 
give you more time for other work. Light-projection indication 
is fast... provides sharp shadow-edge reading on frosted glass 
dial. Parallax reading eliminated. Capacity 1500 grams. Dial 
graduated in two columns: 0-30 grams and 15-45 grams. Shut- 
ter closes dial column not in use. Beam 100 grams in 1 gram 
graduations. Weighs accurately in out-of-level positions. Other 
models up to 3 kilos for rats, hamsters and guinea pigs. 


TISSUE AND TUMOR BALANCE 


Model 4142 recommended for fast, precision 
weighing of cancer tissue and tumors. Weigh- 
pan is shielded from air currents by clear 
plastic door . . . easily removed for sterili- 
zation. Rated capacity 15 grams; visible sen- 
sitivity to 5 milligrams. Movable viewer for 
5-column dial, each column 3 grams with 5 
milligram graduations. 5-notch beam corres- 
ponding to dial columns. 


CENTRIFUGE BALANCE 


Model 4206B-TC also for general laboratory 
use and small-animal weighing. Has tare con- 
trol knob to zero the dial, or position for over- 
and-under reading. Capacity 3 kilos; sensi- 
tivity to 350 milligrams. Dial is graduated 
0-100 grams in increments of 1 gram. Beam 
500 grams by 5 grams. 









Exact 
Weight 
ee) ieee 


THE EXACT WEIGHT SCALE CoO. 
901 W. FIFTH AVE., COLUMBUS 8, OHIO 


Sales and Service Coast to Coast 
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Nuclear-Chicago Corp. 
1958: 21 Mar., 664; 25 Apr., 900; 20 
June, 1464 


ELECTROPHORESIS APPARATUS 


Beckman Instruments, Inc., Spinco Div. 
1957: 8 Nov., 946 
1958: 28 Mar., 668; 11 Apr., 782; 23 
May, 1207; 15 Aug., 380; 29 Aug., 441 
Eaton-Dikeman Co. 
1958: 16 May, 1194 
E-C Apparatus Co. 
1957: 25 Oct., 853 
Kern Co. 
1957: 25 Oct., 857 
Klett Manufacturing Co. 
1957: 25 Oct., 875; 1 Nov., 943; 8 


Nov., 952; 15 Nov., 1036; 22 Nov., 1079; 
29 Nov., 1129; 6 Dec., 1197; 13 Dec., 
1255; 20 Dec., 1305; 27 Dec., 1357 

1958: 3 Jan., 41; 10 Jan., 100; 17 Jan., 
159; 24 Jan., 206; 31 Jan., 251; 7 Feb., 
299; 21 Feb., 427; 28 Feb., 446; 7 Mar., 
536; 14 Mar., 609; 21 Mar., 657; 28 
Mar., 709; 4 Apr., 763; 11 Apr., 827; 18 
Apr., 885; 25 Apr., 1000; 2 May, 1071; 
9 May, 1129; 16 May, 1193; 23 May, 
1260; 30 May, 1295; 6 June, 1354; 13 
June, 1403; 27 June, 1514; 4 July, 39; 11 
July, 98; 18 July, 155; 25 July, 216; 1 
Aug., 259; 8 Aug., 315; 15 Aug., 373; 22 
Aug., 431; 29 Aug., 484; 5 Sept., 546; 12 
Sept., 611; 19 Sept., 677; 26 Sept., 728; 
3 Oct., 783; 10 Oct., 855; 17 Oct., 919 








PRODUCES HIGH VACUUM 
Quickly, Efficiently, Quietly! 












... and it's a real 
Space-saver, too! 


his new mechanical two- 
stage vacuum pump is so 
compact and streamlined 
that it requires a minimum 
of space. When mounted, 
the overall dimensions are 






















only 10%” highx 11%” 


for details. 










U 




















New “Hevi-Duty” Model HK Oven 


0-7000X ‘‘Circ-O-Therm’? Oven complete with three removable aluminum 
shelves. Working chamber 15” dia. x 13” deep. Enameled 169 00 
steel outer shell. For 115 or 230 volts, 60 cycles, A.C. Price $ ° 


SCIENTIFIC GLASS 


APPARATUS CO., 
BLOOMFIELD, NEW JERSEY 


aoparatus 
instruments 
chemicals 
glassware 
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New “Precision” Model 75 Vacuum Pump 
wide x 16,” long. Capacity: 75 liters per minute. Ultimate vacuum: 0.1 
micron or better! Operating speed: 600 rpm. Uses very little oil. Write 


P-9135X Pump and Drive complete with standard equipment, for 
110/120 volt, 60 cycle, A.C. Price 


Variations held within 1° C. 


t takes less than an hour, with 

only a 600-watt input, to raise 
the temperature from room to 
200° C. with this new, fully in- 
sulated oven. Features include: 
improved temperature uniformity 
. . . low-cost operation . . . durable 
double-wall construction . . . ex- 
cellent temperature control . . . 
proper ventilation. Bulletin S-458 
Sent on request. 


INC. 


RRR $265.00 


ao COLD CORNERS +s 
-0-Therm” Oven 
Temperatures to 250° C. 















Labline, Inc. 
1957: 25 Oct., 881; 29 Nov., 1127 
Laboratory Glass & Instruments Corp. 
1958: 25 Apr., 908 
New York Laboratory Supply Co., Inc. 
1958: 21 Feb., 424 
Perkin-Elmer Corp., Instrument Div. 
1957: 25 Oct., 789 
Phipps & Bird, Inc. 
1957: 8 Nov., 987 
1958: 25 Apr., 1005 
Photovolt Corp. 
1957: 25 Oct., 877; 8 Nov., 985; 22 
Nov., 1081; 6 Dec., 1205; 13 Dec., 1255 
1958: 3 Jan., 41; 31 Jan., 251; 7 Feb., 
299; 21 Feb., 433; 14 Mar., 615; 21 Mar., 
657; 18 Apr., 885; 9 May, 1132; 23 May, 
1251; 20 June, 1455; 27 June, 1507; 18 
July, 167; 25 July, 211; 15 Aug., 367; 22 
Aug., 431; 5 Sept., 545; 19 Sept., 671 
Scientific Glass Apparatus Co. 
1958: 21 Feb., 372 


EVAPORATORS 


Laboratory Glass & Instruments Corp. 
1958: 25 Apr., 908; 25 July, 170 
Phipps & Bird, Inc. 
1958: 13 June, 1401 


FALLING DROP APPARATUS 


Polarad Electronics Corp. 
1957: 6 Dec., 1208 
1958: 6 June, 1349 


FILM BADGES 


Controls for Radiation, Inc. 

1958: 24 Jan., 203; 7 Feb., 297; 7 
Mar., 546; 9 May, 1124; 23 May, 1251; 
13 June, 1399; 18 July, 164; 10 Oct., 848 


FILMS, EDUCATIONAL 


Moody Institute of Science 
1957: 6 Dec., 1209 


FILTERS 


Ace Glass, Inc. 
1958: 11 Apr., 825 
Baird-Atomic, Inc. 
1958: 18 Apr., 884 
Barnstead Still & Demineralizer Co. 
1957: 25 Oct., 872 
Dell Optics Co., Ltd. 
1958: 18 Apr., 889 


FILTERS, INTERFERENCE 


Axler Associates, Inc. 
1958: 25 Apr., 1002 
Bausch & Lomb Optical Co. 
1958: 3 Jan., 8 
Baird-Atomic, Inc. 
1958: 18 Apr., 884 
Farrand Optical Co., Inc. 
1957: 15 Nov., 1029; 6 Dec., 1208 
Fish-Schurman Corp. 
1957: 6 Dec., 1192 
Photovolt Corp. 
1958: 30 May, 1295; 11 July, 97; 29 
Aug., 487; 10 Oct., 851 


FILTER PAPER 


Ace Glass, Inc. 
1957: 25 Oct., 850 

Angel, H. Reeve, & Co., Inc. 
1957: 6 Dec., 1148 
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GUARANTEED 


STUDENT GLASS ABSORPTION 
MICROSCOPES CELLS “° KLETT 
GRAF 
APSCO 


CHICAGO, U.S.A. 


NEW DESIGN 
EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 
10X OCULAR 
OBJECTIVES 
16mm (10X) N.A. 0.27 
4mm (44X) N.A. 0.66 


TEN YEAR GUARANTEE 


TRANSPORTATION 
INCLUDED 





Write for catalogue 
listing safety features 


MODEL GB2A 





Makers of Complete Electrophoresus Apparatus 
SCIENTIFIC APPARATUS 

















‘ Psat cramps oe roawasig SS - 
gt... eae ane oe $117.00 ea. Bio-Colorimeters —~ Comparators — Glass Stand: 
ardas— e ts. 
Quantities of 5 or more........ $105.30 ea. : lle 
THE GRAF-APSCO CO Klett Manufacturing Co. 
5868 BROADWAY CHICAGO 40 ae 179 East 87 Street, New York, New York 
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Series 1300 Series 1200 Series 1400 


dead-air © ADIABATIC TYPE with brass water jacket 
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Eaton-Dikeman Co. Nalge Co., Inc. 


1958: 16 May, 1194 1957: 27 Dec., 1356 

Fisher Scientific Co. Palo Laboratory Supplies, Inc. 
1957: 25 Oct., 779 1958: 25 July, 211 

New York Laboratory Supply Co., Inc. 
1958: 7 Mar., 539 FLUOROMETERS 


Thomas, Arthur H., Co. 


iddle, . Co. 
1958: 6 June, 1360 ss ger geting me 


1957: 25 Oct., 885 
Coleman Instruments, Inc. 


FLASKS 1957: 25 Oct., 886 

Ace Glass, Inc. 1958: 27 June, 1509; 10 Oct., 847 
1958: 1 Aug., 258 Farrand Optical Co., Inc. 

Bellco Glass, Inc. 1958: 17 Jan., 159; 21 Feb., 415; 21 
1957: 6 Dec., 1192 Mar., 651; 5 Sept., 544 
1958: 31 Jan., 251 Photovolt Corp. 

Corning Glass Works 1957: 29 Nov., 1129 


1957: 6 Dec., 1153 1958: 10 Jan., 97; 28 Feb., 481; 28 
















































7 DAS: Gi 3 3p DB) 
RADIOACTIVITY 


ANALYSIS 
LABORATORY 





Baird -Atomic Univerity Serieh AOVANCED LABORATORY 


PROVIDING COMPLETE SYSTEMS FOR SCINTILLATION, 
PROPORTIONAL and GEIGER COUNTING 
THE ULTIMATE IN SENSITIVITY, RELIABILITY AND SPEED 
FOR RADIOACTIVITY ANALYSES 


The B-A University Series Advanced Laboratory is com- 

pletely new in design and capabilities and is the most FEATURES 
complete and most versatile radioactivity analysis labora- 

tory available in the field of research today. It is capable 

of performing all types of gas and scintillation counting © 1} MICROSECOND RESOLVING 
of alpha, beta, gamma and x-rays with ease and precision, T!ME 

The University Series Advanced Laboratory is completely 

versatile in that three different detectors can be used with @ BUILT-IN AMPLIFIER WiTH 
the same fundamental system. With these three detectors, SENSITIVITY OF 1 MV 
the laboratory has the capacity to handle the most highly 

specialized radioactivity analysis problems encountered in @ SEPARATE SUPER-STABLE 
industrial research applications. HV POWER SUPPLY 





The University Series Advanced Laboratory is also avail- (5000 V. optional) 
able in separate systems for: 
Scintillation Counting, Proportional @ ELECTRONIC TIMER 


® Counting, Geiger Counting 
Add the following accessories to provide complete facilities ° SOECADE COUNTING CAPACITY, 
for all researchers: B-A Model 410 Count Rate Meter ‘tt ELECTRONIC 
and Geiger Tube, the 1225 Beta Sources, 1230 Gamma 
Sources, LC2 Carrying Case, and the Model 414 Single © PREMIUM COMPONENTS 
Scale Logarithmic Gun type survey meter. FOR RELIABILITY 


Baird -Atomic, Inc. Beoird 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. Bt 


Jrist reasnentation far Refter Wralysis 
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Mar., 713; 11 Apr., 827; 13 June, 1404; 
1 Aug., 261; 12 Sept., 609; 7 Oct., 909 


FRACTIONATORS 


E-C Apparatus Co. 
1957: 25 Oct., 889 
Gilson Medical Electronics 
1958: 5 Sept., 494 


FRACTION COLLECTORS 


Aloe, A. S., Co., Aloe Scientific Div. 

1958: 6 June, 1351 
Microchemical Specialties Co. 

1958: 6 June, 1347 
National Instrument Laboratories, Inc. 

1957: 25 Oct., 861 
Packard Instrument Co. 

1957: 6 Dec., 1201 

1958: 10 Jan., 98; 7 Mar., 538; 6 June, 
1355; 11 July, 99; 5 Sept., 552; 3 Oct., 
790 
Research Specialties Co. 

1957: 25 Oct., 879; 8 Nov., 987; 13 
Dec., 1257 

7900: 10" jan. 96; Si. fan. 250; 255) 
May, 1256; 25 July, 210; 19 Sept., 676 
Schaar and Co. 

1958: 21 Feb., 433 
Scientific Glass Apparatus Co. 

1957: 22 Nov., 1048 


FREEZING EQUIPMENT 


American Hospital Supply Corp., 
Scientific Products Div. 
1958: 25 Apr., 916 
American Instrument Co., Inc. 
1957: 25 Oct., 887 
1958: 9 May, 1121 
Fisher Scientific Co. 
1957: 15 Nov., 1035 
National Research Corp., NRC 
Equipment Corp. 
1958: 26 Sept., 72433 Oct., 787 
Virtis Co., Inc. 
1957: 25 Oct., 786 
1958: 21 Feb., 377 


FUME HOODS 


Blickman, S., Inc. 

1958: 21 Feb., 436; 28 Mar., 714; 18 
Apr., 889; 23 May, 1255; 20 June, 1458; 
18 July, 156; 22 Aug., 424; 19 Sept., 678; 
10 Oct., 853 
Duralab Equipment Corp. 

1958: 3 Oct., 791 


FUNNELS 


Corning Glass Works 
1958: 3 Jan., 5 
Daigger, A., & Co. 
1958: 31 Jan., 255 
Fischer & Porter Co. 
1958: 24 Jan., 173; 21 Feb., 367 
Nalge Co., Inc. 
1958: 16 May, 1188 


FURNACES 


Consolidated Electrodynamics Corp., 
Rochester Div. 

1958: 25 Apr., 1011 
Pereny Equipment Co. 

1957: 1 Nov., 940; 29 Nov., 1127; 27 
Dec., 1357 
Scientific Glass Apparatus Co., Inc. 

1958: 12 Sept., 608 
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ONLY CALIBRATED. for Rapid and Repe: 
DISMEMSERS joo" < fcc 





BIOCHEMICALS 


EVERY PRODUCT ANALYZED 
EVERY ANALYSIS ON THE LABEL 


SIMPLE TO USE | .. accuracy to within + 1%. 


.. Measurement is automatic, 
therefore accurate and rapid. 


Examples of Use 


Accurate = mg of ampules, vials, 
and test tu 

Making iia determinations. 
Pipetting serological test reagents. 


TYPICAL 
ANALYSIS 


Adding chloroform, strong acids, 
cyanide solutions, and solvents. 


Making up water blanks, or other 
media. 


For delivery of known amounts 
of Kjeldahl buffers. 


Write for Brochure D. 





WRITE FOR REFERENCE GUIDE AND PRICE 
LIST 123 CONTAINING COMPLETE 
SPECIFICATIONS OF EACH PRODUCT. 


AMINO ACIDS « PEPTIDES « FATTY ACIDS *« ENZYMES 
COENZYMES « ANTI-METABOLITES + PYRIMIDINES 
CARBOHYDRATES * HORMONES + NUCLEO PROTEINS 
VITAMINS *« PURINES * HORMONE INTERMEDIATES Improved Reagent Sprayers 
PLANT GROWTH HORMONES + MISC. BIOCHEMICALS 2. Tip forward to dispense. | Write for Brochure A 





Also Available— 


Special Apparatus for Paper Strip 
Chromatography 














manufacturer 


CALIF. LABORATORY EQUIP. CO. 


98 RINCON ROAD . BERKELEY 7 «- CALIFORNIA 














‘Practical ‘Simple Design + General htility 
Welch TWO-STAGE DUO-SEAL VACUUM PUMP 


* Quiet * Durable ° Efficient ~ * Economical 


* GUARANTEED VACUUM-—-0.1 Micron (.0001 mm Hg 
* FREE AIR CAPACITY—21 Liters Per Minute 

* OPERATING SPEED 450 R.P.M. 
VISIBLE OIL LEVEL 


No Splash — No Oil Back-up 
MOTOR 1/3 HP—1725 RPM 


Overall Dimensions of Mounted Pump 
17% x 10% x 12% inches high 


BELT-TIGHTENING Provision 
EXTRA SUPPLY of Duo-Seal Oil 


PAT. NO. 
2,337,849 












Complete with Motor 
PRICE $133.00 
Totally Enclosed Belt Guard for 1400B Pump 
$15.00 











W. M. WELCH SCIENTIFIC COMPANY 


No. 1400-B DIVISION OF W. M. WELCH MANUFACTURING COMPANY 














DUO-SEAL_ VACUUM PUMP —————— ESTABLISHED 1880 
= y 1515 Sedgwick Street, Dept. E, Chicago 10, Illinois, U.S.A. 
Motor Driven Manufacturers of Scientific Instruments and Laboratory Apparatus 
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FURNACES, SOLAR 


Edmund Scientific Co. 

1957: 1 Nov., 938 

1958: 7 Feb., 258; 9 May,: 1086; 6 
June, 1310; 8 Aug., 272; 5 Sept., 493 
Little, Arthur D., Inc., Engineering Div. 

1957: 25 Oct., 784 


FURNITURE, LABORATORY 


Alberene Stone Corp. 

1958: 4 Apr., 765; 2 May, 1068; 6 
June, 1352; 19 Sept., 672; 17 Oct., 916 
Brinkmann Instruments, Inc. 

1958: 9 May, 1129; 10 Oct., 851 
Custom Scientific Instruments, Inc, 

1958: 9 May, 1120 


Duralab Equipment Corp. 

1958: 3 Oct., 791 
Fisher Scientific Co. 

1957: 25 Oct., 779 

1958: 21 Mar., 653;-20 June, 1452; 8 
Aug., 314 
Graphic Systems 

1957: 15 Nov., 1030 

1958: 4 Apr., 764; 4 July, 40; 5 Sept., 
542 
Harshaw Chemical Co., Harshaw 
Scientific Div. 

1958: 17 Oct., 908 
Johns-Manville 

1958: 21 Feb., 362; 11 Apr., 778; 25 
Apr., 898; 9 May, 1082; 23 May, 1202; 
13 June, 1362; 11 July, 50; 15 Aug., 326 








co " —————————————————— 
f 


of time the solenoid valve is open. 





THE NEW CHEMOSTAT 


A continuous culture apparatus for microorganisms 
complete and ready to operate 





A continuous flow of nutrient liquid maintains a bacterial population growing 
.in logarithmic phase under constant conditions. Density of the population and 
its growth rate can be controlled by the experimenter. Used to study problems 
in the physiology and genetics of microorganisms. 


In the chemostat a continuous flow of medium is approximated by small suc- 
cessive additions of nutrient; the volume of nutrient added per unit time is 
controlled: 1. by an adjustable timer which opens a solenoid valve allowing 
nutrient to enter periodically. 2. by a microswitch which controls the length 


The chemostats are complete and ready to operate upon addition of culture 
and media. The metal cabinet which is finished in baked on gray hammerloid, 
contains all the apparatus needed for the regulation and maintenance of flow 
and aeration of the culture. All connections and switches clearly marked and 
regulation mechanisms easily accessible. 


DS-8030 Glass Parts only ........ $148.00 
DS-8031 One Chemostat, Metal Cabinet with 

one set of controls 
DS-8032 Two chemostats, metal cabinet with 
Te eee re $534.75 


two sets of Controls 


Delmar 
Scientific Laboratories 
4701 WEST GRAND AVENUE e CHICAGO 39, ILLINOIS @ TELEPHONE EV 4-5911 


$309.00 
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Metalab Equipment Co. 
1957: 25 Oct., 866 
New Brunswick Scientific Co. 
1957: 25 Oct., 863 
1958: 6 June, 1347; 17 Oct., 916 
Research Specialties Co. 
1958: 12 Sept., 606 
Scientific Glass Apparatus Co., Inc. 
1957: 25 Oct., 880 
Technicon Co. 
1957: 25 Oct., 891; 6 Dec., 1207 


GAS ANALYZER 


Beckman Instruments, Inc., Spinco Div. 
1958: 14 Feb., 310; 9 May, 1135 
Cambridge Instrument Co., Inc. 
1957: 6 Dec., 1152 


GAS LIQUEFIER 


Philips Electronics, Inc., Instruments Div. 
1957: 13 Dec., 1219 


GAS METER 


Phipps & Bird, Inc. 
1957: 1 Nov., 943 
1958: 23 May, 1251 


GAUGES 


Ace Glass, Inc. 
1957: 20 Dec., 1307 
Consolidated Electrodynamics Corp. 
1958: 17 Jan., 161; 21 Mar., 659; 19 
Sept., 673; 17 Oct., 915 


GLASSWARE AND ACCESSORIES 


Ace Glass, Inc. 

1958: 17 Jan., 160; 14 Feb., 353; 14 
Mar., 607; 11 Apr., 825; 6 June, 1350; 
1 Aug., 258; 26 Sept., 732 
Bellco Glass, Inc. 

1957: 25 Oct., 891; 6 Dec., 1192; 27 
Dec., 1357 

1958: 31 Jan., 251; 14 Mar., 611; 11 
Apr., 822; 25 Apr., 1005; 30 May, 1295; 
27 June, 1507; 25 July, 211; 29 Aug., 
487; 19 Sept., 671; 26 Sept., 726 
Corning Glass Works 

1957: 25 Oct., 780; 6 Dec., 1153 

1958: 3 Jan., 5; 14 Feb., 351; 7 Mar., 
491; 11 Apr., 818; 2 May, 1079; 13 
June, 1399; 5 Sept., 499; 17 Oct., 911 
Fischer & Porter Co., Glass Products Div. 

1957: 1 Nov., 899; 6 Dec., 1145 

1958: 24 Jan., 173; 21 Feb., 367 
Fish-Schurman Corp. 

1957: 6 Dec., 1192 
Fisher Scientific Co. 

1957: 25 Oct., 779 

1958: 9 May, 1128 
Harshaw Chemical Co., Harshaw 
Scientific Div. 

1958: 17 Oct., 908 
Kimble Glass Co. 

1958: 14 Mar., insert; 9 May, insert; 
18 July, insert; 12 Sept., insert 
Klett Manufacturing Co. 

1957: 1 Nov., 943; 15 Nov., 1036; 29 
Nov., 1129; 13 Dec., 1255; 27 Dec., 1357 

1958: 3 Jan., 41; 10 Jan., 100; 17 Jan., 
159; 24 Jan., 206; 31 Jan., 251; 7 Feb., 
299; 21 Feb., 427; 28 Feb., 466; 7 Mar., 
536; 14 Mar., 609; 21 Mar., 657; 28 
Mar., 709; 4 Apr., 763; 11 Apr., 827; 18 
Apr., 885; 25 Apr., 1000; 2 May, 1071; 
9 May, 1129; 16 May, 1193; 23 May, 
1260; 30 May, 1295; 6 June, 1354; 13 
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June, 1403; 27 June, 1514; 4 July, 39; 
11 July, 98; 18 July, 155; 25 July, 216; 
1 Aug., 259; 8 Aug., 315; 15 Aug., 373; 
22 Aug., 431; 29 Aug., 484; 5 Sept., 
546; 12 Sept., 611; 19 Sept., 677; 26 
Sept., 728; 3 Oct., 783; 10° Oct. 85995 27 
Oct., 919 
Palo Laboratory Supplies, Inc. 

1958: 25 Apr., 985; 25 July, 211 
Scientific Glass Apparatus Co., Inc. 

1957: 25 Oct., 880 
Welch, W. M., Manufacturing Co. 

1958: 2 May, 1075 


GLOVES, DRY BOX 


Charleston Rubber Co. 
1958: 2 May, 1019 


GRADUATES 


Daigger A., & Co. 
1958: 31 Jan., 255 
Nalge Co., Inc. 
1958: 25 Apr., 914; 13 June, 1396 


HEATERS 


Central Scientific Co. 
1958: 15 Aug., 367 
Research Specialties Co. 
1958: 21 Feb., 430 
Standard Scientific Supply Corp. 
1957: 22 Nov., 1083 
1958: 21 Feb., 418; 23 May, 1258; 27 
June, 1508 
Thermo Electric Manufacturing Co. 
1957: 6 Dec., 1200 


HOMOGENIZERS 


Lourdes Instrument Corp. 
1958: 7 Mar., 534 

Microchemical Specialties Co. 
1957: 8 Nov., 985 

Tri-R Instruments 
1957: 25 Oct., 874 


HOT PLATES 


Research Specialties Co. 
1958: 21 Feb., 430 

Thermo Electric Manufacturing Co. 
1957: 8 Nov., 986 


HOODS 


Alberene Stone Corp. 
1958: 14 Mar., 605 
Lennard, P. M., Co., Inc. 
1958: 25 Apr., 993 


HUMIDITY CONTROLLER 


Daigger, A., and Co. 
1957: 25 Oct., 798 

Niagara Blower Co. 
1957: 13 Dec., 1258 


HUMIDITY GAUGE 


Daigger, A., and Co. 
1957: 25 Oct., 798 


ILLUMINATORS 


American Optical Co., Instrument Div. 
1957: 8 Nov., 992 
1958: 24 Jan., 208; 28 Mar., 720; 2 
May, 1080; 16 May, 1200; 11 July, 104; 
22 Aug., 436 
Bausch & Lomb Optical Co. 
1958: 15 Aug., 336 
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Coleman pH Meters 
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are dependable 


For the laboratory: Coleman Model 18A pH Meter AC 
line-operated 0.14 pH, 0-1400 mv, with connections for 
automatic titration. Ready to use, $230.00. 

For full details ask for Bulletin .B-221 


For Portability: Coleman Model 20 “Compax’ Y, 
An ingenious new approach to pH measurement. 
Battery-operated, self-contained, single control . 
Complete with all chemicals ready to use, $200.00. 
For full details ask for Bulletin B-248 


[/ 














COLEMAN INSTRUMENTS INC., DEPT. S$, MAYWOOD, ILLINOIS 
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INCUBATORS 


American-Lincoln Incubator Co. 
1958: 17 Oct., 918 

Electric Hotpack Co. 
1958: 17 Oct., 909 

New York Laboratory Supply Co., Inc. 
1958: 27 June, 1513 


ISOLATORS 
American Sterilizer Co. 

1958: 25 Apr., 901; 15 Aug., 333 
KNIVES 
Scott-Mitchell House, Inc. 

1958: 26 Sept., 730 
KYMOGRAPHS 


Phipps & Bird, Inc. 

1957: 6 Dec., 1209 

1958: 9 May, 1123; 16 May, 1199; 5 
Sept., 551; 12 Sept., 611 


LABELS, TIME 
Professional Tape Co., Inc. 
1958: 12 Sept., 604; 17 Oct., 912 
LABORATORY CLAMP 
New York Laboratory Supply Co., Inc. 
1958: 26 Sept., 733 
LABORATORY EQUIPMENT, 
NUCLEONIC 
Anton Electronic Laboratories, Inc. 
1958: 12 Sept., 619 


Atomic Accessories, Inc. 
1958: 17 Jan., 162 
Baird-Atomic, Inc. 
1958: 14 Feb., 354 
Blickman, S., Inc. i 
1958: 21 Feb., 436 
Budd Co., Nuclear Systems Div. 
1958: 6 June, 1345 
Eldorado Electronics 
1958: 14 Feb., 350; 14 Mar., 607; 13 
June, 1403 
General Dynamics Corp., General Atomic 
Div. 
1958: 18 July, 109 
Nuclear-Chicago Corp. 
1957: 25 Oct., 799; 27 Dec., 1315 
1958: 10 Jan., 52, 53; 28 Feb., 443; 
18 July, 168; 29 Aug., 492; 26 Sept., 740 
Nuclear Science and Engineering Corp. 
1958: 7 Mar., 542 
Packard Instrument Co., Inc. 
1958: 15 Aug., 334 
Technical Measurement Corp. 
1958: 11 July, 58; 5 Sept., 502 
Tracerlab, Inc. 
1958; 22 Aug., 425 


LABORATORY JACK 


Central Scientific Co. 
1957: 25 Oct., 771 
1958: 8 Aug., 313 


LABORATORY MILL 


Thomas, Arthur H., Co. 
1957: 29 Nov., 1136 





What do you measure? 
No 





Peo: 


HCO, 
Osm 0.001C yy 


e ADVANCED FLAME PHOTOMETER 

° FISKE freezing-point OSMOMETER CRYOSCOPE 
e ADVANCED Pco.-pH DUOMETER 

e FISKE PRECISION THERMOMETERS 

e ADVANCED TRITIUM ANALYZER 

e FISKE PROPORTIONAL CONTROLLERS 


fg. ADMANCED 
INSTRUMENTS, INC, Newton Highland, 


% 


Lit 


40 Kenneth Street 
DEcatur 2-8200 


Massachusetts 

















LABORATORY PRESS 


Lee Engineering Co. 
1958: 15 Aug., 372; 29 Aug., 486; 12 
Sept., 612; 26 Sept., 730 


LABORATORY SUPPLIES 


Ace Glass, Inc. 
1958: 14 Feb., 353; 14 Mar., 607; 4 
July, 36; 26 Sept., 732 
Busse Hospital Products 
1957: 25 Oct., 872 
Central Scientific Co. 
1958: 26 Sept., 728 
Clay-Adams, Inc. 
1957: 22 Nov., 1077 
Corning Glass Works 
1958: 7 Mar., 491 
Daigger, A., & Co. 
1958: 31 Jan., 255 
Fisher Scientific Co. 
1958: 21 Mar., 653; 10 Oct., 852 
Foringer & Co., Inc. 
1958: 25 Apr., 1015 
Greiner, Emil, Co. 
1958: 12 Sept., 561 
Harshaw Chemical Co., Harshaw 
Scientific Div. 
1958: 17 Oct., 908 
Kennametal, Inc. 
1958: 7 Mar., 546 
Linbro Chemical Co. 
19357 29° OC, B55 
Nalge Co., Inc. 
1957: 15 Nov., 1028 
1958: 25 Apr., 914 
New York Laboratory Supply Co., Inc. 
1958: 7 Mar., 539 
Thomas, Arthur H., Co. 
1957: 6 Dec., 1215; 13 Dec., 1264 
1958: 10 Jan., 104 
United States Testing Co., Inc. 
1957: 25 Oct., 859 
1958: 7 Mar., 497; 27 June, 1467 
Will Corp. 
1957: 15 Nov., 1031 
1958: 16 May, 1191; 18 July, 157 


LAMPS 


American Speedlight Corp. 
1958: 25 Apr., 988 
Artisto Grid Lamp Products, Inc. 
1957: 25 Oct., 886 
Bausch & Lomb Optical Co. 
1957: 27 Dec., 1354 
1958: 31 Jan., 214 
Edmund Scientific Co. 
1957: 6 Dec., 1200 
1958: 11 Apr., 831 
Leitz, E., Co. 
1958: 17 Jan., 107; 14 Feb., 309 
Standard Scientific Supply Corp. 
1958: 17 Jan., 164 
Ultra-Violet Products, Inc. 
1957: 25 Oct., 866 
1958: 7 Mar., 534; 18 July, 154; 15 
Aug., 372; 19 Sept., 668 
United Scientific Co., Unitron Instrument 
Div. 
1958: 26 Sept., 739 


LATTICE HARDWARE 


Lee Engineering Co. 
1958: 22 Aug., 430; 5 Sept., 542; 19 
Sept., 678 
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: For ‘fluorometric ‘aeailyent ‘assay 
: and identification of chemical con- | 
_ stituents. ..in the 
ULTRAVIOLET, . ‘VISIBLE 
and INFRARED REGIONS 





FOR MANUAL OPERATION, FOR RECORDING 
OR FOR OSCILLOSCOPE PRESENTATION 


The Farrand Spectrofluorometer jis designed 
for determining the optimum. wavelength 
for activating Organic Compounds and the 
optimum: wavelength for measuring their 
emitted fluorescence spectra. 


The instrument is simple to operate, and the 


affords great sensitivity and response even 
when using capillary or micro volumes of 
highly diluted solutions. 


It is not of a console-type construction; and 
therefore can be serviced readily without dis- 
mparie: 


efficiency of* the’ optical and detector system 
‘BULLETIN NO. 820 UPON REQUEST 








FOCI eine) 


TRADE MARK Design * Manufocture 











FARRAND OPTICAL CO., Inc. 


Precision Optics 
ae oe scientific niin ints. BRONX BLVD. & EAST 238th STREET + NEW YORK 70, N.Y. 











A valveless pump that offers the ultimate in 
freedom from contamination of the liquid 
pumped, either from the pump itself or from 
previously pumped liquids. For infusing ac- 
curately small volumes of solutions at the rate of 
0.5 ml through 25 ml with a variation of less 
than 5% at pressures up to 200 mm Hg. De- 
livery rate can be changed rapidly by means of 
a simple screw adjustment. A graduated scale 
makes it possible to accurately reproduce desired 
rates. Stopping to refill syringe is eliminated by 
use of a reservoir. The length of delivery run 
is determined by volume of reservoir. 





CAT. NO. 71-046 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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LEAK DETECTORS 


Consolidated Electrodynamics Corp., 
Rochester Div. 
1958: 17 Jan., 161 


LIGHT ADAPTERS 


American Speedlight Corp. 
1957: 25 Oct., 878; 6 Dec., 1196 


MACROPHOTOGRAPHIC 
EQUIPMENT 


American Speedlight Corp. 

1957: 25 Oct., 878; 6 Dec., 1196 
Brinkmann Instruments, Inc. 

1958: 16 May, 1193 
Hofmann, Alfred, & Co. 

1957: 25 Oct., 883 


MACROSCOPES 


Bausch & Lomb Optical Co. 
1957: 1 Nov., 938; 6 Dec., 1158 
1958: 12 Sept., 568 


MAGNIFIERS 


Edmund Scientific Co. 

1958: 3 Jan., 47; 7 Mar., 496 
Novel Manufacturing Co. 

1958: 10 Jan., 99; 21 Feb., 427 
Scott-Mitchell House, Inc. 

1958: 3 Jan., 4 


MANOMETERS 


Will Corp., Bronwill Scientific Div. 
1958: 14 Feb., 349; 16 May, 1195; 
Sept., 674; 3 Oct., 784 











How Many 
Salesmen 


Do You Want 


19 


to See Today? 


No matter how skilled and efficient 
salesmen are, it takes time to see them 
and hear about their fine products. 

That’s why your Will Representative 
helps you conserve time when he 
calls. He brings complete information 
about the products of hundreds of 
manufacturers of the finest 
laboratory equipment. 

Your Will Representative is unique 
among laboratory supply house 
salesmen, too: (1) He has a complete 
and exclusive Will Technical Reference 
File with detailed specifications data 
on all suppliers’ products (2) He 
has Will’s exclusive Equipment List: 
it shows stock on hand... and on 
order ... at all six Will warehouses, 
and it’s revised weekly. 

So, save time, get all the facts . . . call 
for your Will Representative first. 





Wil 





CORPORATION 


and subsidiaries Specialists in _. 
Scientific Supply 








ROCHESTER 3, N.Y. 
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« ATLANTA 1,GA. 
BUFFALO 5,N. Y. 


¢ NEW YORK 52,N.Y. 
¢ $0. CHARLESTON 3, W. VA. 


« BALTIMORE 24, MD. 








MELTING POINT APPARATUS 


Fisher Scientific Co. 
1958: 11 July, 96 
Thomas, Arthur H., Co. 
1957: 25 Oct., 895 

1958: 4 July, 48 


MERCURY VAPOR DETECTORS 


Kruger, Harold, Instruments 
1958: 15 Aug., 368 


MICROANALYSIS EQUIPMENT 


Ainsworth, Wm., & Sons, Inc. 
1958: 18 July, 153 
Aloe, A. S., Co., Aloe Scientific Div. 
1957: 1 Nov., 935 
1958: 3 Jan., 46; 4 Apr., 763; 2 May, 
1071; 4 July, 43; 1 Aug., 259; 5 Sept., 
546 
American Optical Co., Instrument Div. 
1958: 19 Sept., 684 
Brinkmann Instruments, Inc. 
1957: 1 Nov., 937 
1958: 25 Apr., 1009 
Central Scientific Co. 
1958: 8 Aug., 313 
Clay-Adams, Inc. 
1957: 25 Oct., 879 
Exact Weight Scale Co. 
1958: 2 May, 1072; 8 Aug., 317 
Leitz, E., Inc. 
1958: 4 July, 47 
Mettler Instrument Corp. 
1958: 12 Sept., 565 
Micro-Metric Instrument Co. 
1957: 25 Oct., 875 
Stoelting, C. H., Co. 
1958: 11 Apr., 827; 23 May, 1253; 18 
July, 155; 26 Sept., 736 


MICROBIOLOGICAL EQUIPMENT 


Beckman Instruments, Inc., Spinco Div. 

1958: 26 Sept., 686 
Bellco Glass, Inc. 

1958: 27 June, 1507; 25 July, 211; 29 
Aug., 487; 19 Sept., 671; 26 Sept., 726 
Blickman, S., Inc. 

1957: 13 Dec., 1263 
Delmar Scientific Laboratories 

1957: 6 Dec., 1190 

1958: 21 Feb., 423; 25 Apr., 998 
Fisher Scientific Co. 

1958: 17 Jan., 163 
oe & Development Products Co., 

ne. 

1958: 13 June, 1398 
Lennard, P. M., Co., Inc. 

1957: 25 Oct., 884; 6 Dec., 1205 
Technical Instrument Co. 

1958: 21 Feb., 427 
Thomas, Arthur H., Co. 

1958: 9 May, 1136 


MICROBIOLOGICAL MEDIA 


Clinton Laboratories 

1957: 25 Oct., 889 

1958: 21 Feb., 433 
Colorado Serum Co. 

1957: 25 Oct., 869; 15 Nov., 1026 

1958: 21 Feb., 415; 25 Apr., 999; 16 
May, 1196; 13 June, 1397 
Difco Laboratories 

1957: 25 Oct., 857; 22 Nov., 1077; 20 
Dec., 1303 

1958: 17 Jan., 159; 14 Feb., 355; 14 
Mar., 609; 11 Apr., 823; 2 May, 1071; 30 
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May, 1300; 25 July, 215; 22 Aug., 431; 
19 Sept., 675; 17 Oct., 919 
Hyland Laboratories 

1957: 25 Oct., 883 

1958: 17 Jan., 157; 21 Feb., 425; 7 
Mar., 537; 25 Apr., 1001; 15 Aug., 370 


MICROCARDS 


Microcard Corp. 
1958: 5 Sept., 541; 3 Oct., 787 


MICROMANIPULATORS 


Aloe, A. S., Co., Aloe Scientific Div. 
1957: 1 Nov., 935 
1958: 3 Jan.,-46; 2° May, 1071; 5 
Sept., 546 
American Optical Co., Instrument Div. 
1958: 19 Sept., 684 
Brinkmann Instruments, Inc. 
1958: 25 Apr., 1009 
Leitz, E., Inc. 
1958: 4 July, 47 
Stoelting, C. H., Co. 
1958: 11 Apr., 827; 23 May, 1253; 
18 July, 155; 26 Sept., 736 


MICROMETERS 


Decker Corp. 
1958: 21 Feb., 365 


MICRORADIOGRAPHIC 
EQUIPMENT 


Philips Electronics, Inc. 
1957: 25 Oct.; 782 


MICROSCOPES 


American Optical Co., Instrument Div. 

1957: 25 Oct., 896; 22 Nov., 1088; 6 
Dec., 1216 

1958: 3 Jan., 48; 31 Jan., 256; 28 Feb., 
488; 14 Mar., 616; 18 Apr., 896; 30 May, 
1304; 27 June, 1520; 8 Aug., 324; 5 
Sept., 556 
Bausch & Lomb Optical Co. 

1957: 25 Oct., 804; 20 Dec., 1270 

1958: 17 Jan., 114; 28 Feb., 450; 28 
Mar., 674; 25 Apr., 934; 6 June, 1316; 4 
July, 6; 29 Aug., 444; 26 Sept., 692 
Brinkmann Instruments, Inc. 

1957: 13 Dec., 1257 

1958: 26 Sept., 733 
Edmund Scientific Co. 

1958: 3 Oct., 795 
Graf-Apsco Co. 

1957: 25 Oct., 891 

1958: 12 Sept., 609; 26 Sept., 736; 17 
Oct., 910 
Hacker, William J., & Co., Inc. 

1958: 25 July,. 172 
Leitz, E., Inc. 

1957: 25 Oct.,.772; 8 Nov., 948; 22 
Nov.; 1044; 6 Dec., 1146; 20 Dec., 1310 

1958: 3 Jan., 4; 14 Mar., 559; 28 
Mar.,:707; 25 Apr., 906; 9 May, 1087; 
23. May, 1208; 30 May, 1267; 1 Aug., 
224; 29 Aug., 442; 12 Sept. 564; 19 
Sept., 624 
Monroe Microscope Service 

1958: 22 Aug., 430 
Olympus Optical Instrument Co. 

1957: 25 Oct., 796; 6 Dec., 1197 
United Scientific Co., Unitron Instrument 
Div. 

1957: 25 Oct., 781; 29 Nov., 1135; 13 
Dec., 1222 

1958: 7 Mar., 493; 21 Mar., 652; 11 
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Applied Physics Corporation/Pasadena/California 








For Uitraviolet-Visible Spectrophotometry 
The Cary Model 11 provides performance comparable to 





Considering the purchase of a 
recording spectrophotometer? The 
following comments may help you 
get much more for your money. 


Most spectrophotometer users regard 
the Cary Model 14, with its 1860 A 
to 2.6 mu wavelength as the finest 
recording spectrophotometer avail- 
able. We have been surprised to dis- 
cover that quite a few people 
do not realize that the Model 14 
has a companion instrument—the 
Cary Model 11—which gives the 
same high quality of the Model 14 
at a cost comparable to the lowest- 
price recording spectrophotometer. 
The difference between the Model 11 
and the Model 14 is in wavelength 
range. Of course, where the wider 
wavelength range is required, the 
Model 14 is the finest instrument 
available. However, for applications 
in the ultraviolet and visible ranges 


the finest; cost comparable to the che 


apest. 


ee 


sane 





(2100 A to 8000 A) the Cary Model 
11 provides the same high degree of 
accuracy, ruggedness, and dependa- 
bility as the Model 14, as well as its 
convenience and flexibility, including 
linear wavelength recording, speed of 
scanning, accessories, etc. Important 
performance data on the Cary Model 
11 are outlined below. 


Stray Light: Less than 0.0001% over 
most of the range. 

Scanning Speeds: 1.0 A per ——s 
(ultraviolet region) to 125 A per 
second (visible region). 

Resolution: 1.0 A or better throughout 
most of the range. 

Wavelength Accuracy: Better than 5.0 
A in the ultraviolet region and better 
than 10.0 A in the visible region. 
Reproducibility: Better 0.5 Ain 
the ultraviolet and 3.0 A in the vis- 
ible region. 

Photometric Reproducibility: Reproduci- 
bility better than .004 in absorbance 
can be achieved with the Model 11. 





20,000 HOURS OF SERVICE WITHOUT MAJOR REPAIRS 


The first Cary Model 11 was produced in 
1947, and since then nearly every lead- 
ing analytical laboratory in the United 
States—and many abroad—has acquired 
one or more Model 11’s. The perform- 
ance, flexibility and reliability of the 
Model 11 have been proved in all kinds 
of research and control applications. 
One of the first instruments to be man- 
ufactured—Serial No, 2—was recently 
overhauled at the factory after having 
been in use twelve hours per day for 
over six years without requiring any 


service other than routine maintenance. 
This instrument has now begun a second 
stint of reliable service which will 
undoubtedly run into additional thou- 
sands of hours. 


FREE BULLETIN 

If your spectrophotometer applications 
are in the visible or ultraviolet range, 
investigate the many advantages of the 
Cary Model 11. For complete informa- 
tion write to Applied Physics Corpora- 
tion, 362 West Colorado Street, Pasadena 
1, California, for Bulletin E3-108. 
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You can feel the safety and 
practicality of a NALGE GRADUATED CYLINDER 
the minute it’s in your hand. 


Light and easy to handle, these cylinders are 


. formed from tough, unbreakable polypropylene 


for greater clarity. 

Made in accordance with standard 
graduate specifications and dimensions— 
accurate to within 1%. 

Measurements are easily read 

since water solutions have practically 

no meniscus in polypropylene. 

Octagonal base prevents rolling. 

The cylinders can be autoclaved repeatedly. 


Cap. ml. 25 50 100 250 500 1000 
Subdiv., ml. 1 2 5 10 20 25 








Each 2.65 2.90 3.30 3.85 5.50 7.20 
Less Quantity Discounts 


Ask your dealer for catalog G-358 


"NALGE C0. Ine. 


STER 2 NEW 





WORLD’S LARGEST PRODUCER OF PLASTIC LABORATORY WARE 











A STURDY, ABSOLUTELY 
ACCURATE AND LONG-SERVICE 
INSTRUMENT... COUNTING 
AND PRINTING ELECTRICALLY 
ON TAPE OR CARD, WITH 
AUTOMATIC RESET TO ZERO 


MADE BY (YD. searnes OF THE MOST COMPLETE LINE OF COUNTING DEVICES IN THE WORLD! 


Write for our new catalog today Pp RE 41 ® CO. SANTA MONICA, CALIF 
, . 


PRINTING COUNTERS 


FOR POSITIVE, ERROR-PROOF COUNT RECORDING 


Model F272 





@ A completely machined instrument with 
parts subject to wear of case hardened 
steel, hard chrome plated. 

& Exclusive parallel printing and visual 
registers yield count accumulation 
instantly and continuously. 

@ Printing and resetting to zero 
simultaneously, or separately. 

@ Counting rate 5 per sec. Reset and 
print 1 sec. For 110 VAC or 12 and 
24 VDC operation. 

@ The finest instrument of its class — 
yet half the price of any other 
printing counter! 


2014 BROADWAY 
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Apr., 819; 9 May, 1125; 5 Sept., 547; 10 
Oct., 856 
Wild Heerbrugg Instruments, Inc. 

1957: 25 Oct., 865; 15 Nov., 1035; 6 
Dec., 1198 

1958: 10 Jan., 95; 24 Jan., 202; 21 
Feb., 434; 10 Oct., 853 
Zeiss, Carl, Inc. 

1957: 8 Nov., 991; 22 Nov., 1049 

1958: 25 Apr., 928; 11 July, 56; 8 
Aug., 323; 5 Sept., 501 


MICROSCOPES, ELECTRON 


Erb & Gray Scientific Co. 

1958: 21 Feb., 421; 9 May, 1129; 8 
Aug., 315 
Philips Electronics, Inc. 

1957: 25 Oct., 782; 8 Nov., 950; 22 
Nov., 1047 
Siemens & Halske 

1958: 24 Jan., 197; 7 Mar., 495; 28 
Mar., 666; 25 Apr., 912 


MICROSCOPES, PHASE 


American Optical Co., Instrument Div. 

1957+ ZOec., TSt2 

1958: 4 Apr., 776; 25 July, 220 
United Scientific Co., Unitron Instrument 
Div. 

1957: 25 Oct., 781; 15 Nov., 1034; 29 
Nov., 1135 

1958: 18 Apr., 835; 27 June, 1469; 25 
July, 171; 17 Oct., 917 


MICROSCOPES, STEREO 


American Optical Co., Instrument Div. 
1957: 25 Oct., 896; 6 Dec., 1216 
1958: 14 Feb., 360; 2 May, 1080; 16 

May, 1200; 13 June, 1406; 11 July, 104 

Bausch & Lomb Optical Co. 

1957: 22 Nov., 1052 
1958: 14 Feb., 314 

Edmund Scientific Co. 

1957: 1 Nov., 938; 6 Dec., 1200 
1958: 3 Jan., 47; 11 Apr., 831; 9 May. 

1086 

Monroe Microscope Service 
1958: 25 Apr., 1002 

United Scientific Co., Unitron Instrument 

Div. 

1958: 14 Feb., 350; 23 May, 1254; 19 

Sept., 668 


MICROSCOPES, STUDENT 


Bausch & Lomb Optical Co. 

1958: 14 Mar., 564; 11 Apr., 786; 23 
May, 1212 
Edmund Scientific Co. 

1958: 7 Feb., 258; 7 Mar., 496; 11 
July, 103; 8 Aug., 272; 5 Sept., 498 
Graf-Apsco Co. 

1957: 6 Dec., 1192 

1958: 5 Sept., 542; 19 Sept., 675 
Leitz, E., Inc. 

1957: 22 Nov., 1044; 20 Dec., 1310 

1958: 3 Jan., 4; 25 Apr., 906; 23 May, 
1208 
United Scientific Co., Unitron Instrument 
Div. 

1958: 14 Mar., 606; 4 Apr., 764; 2 
May, 1070; 12 Sept., 612 


MICROSCOPES, X-RAY 


General Electric Co. 
1958: 21 Feb., 431; 25 Apr., 990; 20 
June, 1456; 22 Aug., 428 


SCIENCE, VOL. 128 





Sc 


S 


ent 


oe 


16 
104 


eo 


11 


Aay, 


nent 


; 20 


128 





MICROSCOPE ACCESSORIES 


American Optical Co., Instrument Div. 

1957: 8 Nov., 992 

1958: 24 Jan., 208; 31 Jan., 256; 28 
Feb., 488; 14 Mar., 616; 28 Mar., 720; 
4 Apr., 776; 2 May, 1080; 16 May, 1200; 
11 July, 104; 22 Aug., 436 
Bausch & Lomb Optical Co. 

1958: 17 Jan., 114; 15 Aug., 336 
Busse Hospital Products 

1957: 25 Oct., 872 
Custom Scientific Instruments, Inc. 

1958: 12 Sept., 606 
Dell Optics Co., Ltd. 

1958: 21 Feb., 416; 21 Mar., 
Apr., 889 
Hacker, William J., & Co., Inc. 


652; 18 


1958: 14 Mar., 611; 25 July, 172 
Leitz, E., Inc. 
1958: 14 Feb., 309; 6 June, 1359 


Monroe Microscope Service 

1957: 25 Oct., 881 
Thomas, Arthur H., Co. 

1957: 25 Oct., 895 
United Scientific Co., Unitron Instrument 
Div. 

1958: 21 Feb., 371; 
Sept., 739; 17 Oct., 


15 Aug., 331; 26 
917 


MICROTOMES AND ACCESSORIES 


Aloe, A. S., Co., Aloe Scientific Div. 
1957: 25 Oct., 857; 6 Dec., 1195 
1958: 7 Feb., 303; 7 Mar., 541 

American Hospital Supply Corp. 
1958: 25 Apr., 916 

Brinkmann, C. A., & Co., Inc. 

1958: 11 Apr., 823 

Hacker, William J., & Co., Inc. 
1957: 25 Oct., 861 
1958: 7 Mar., 539 

Leitz, E., Inc. 

1958: 11 Apr., 783 

Monroe Microscope Service 
1957: 25 Oct., 881 

Sorvall, Ivan, Inc. 
1957: 25 Oct., 791; 
1958: 26 Sept., 690 


6 Dec., 1138 


MIXERS 


Laboratory Glass and Instrument Corp. 
1957: 25 Oct., 885 
1958: 25 July, 170; 12 Sept., 
Lourdes Instrument Corp. 
1957: 25 Oct., 775 
1958: 24 Jan., 171 
Sorvall, Ivan, Inc. 
1958: 20 June, 1415; 26 Sept., 


560 


690 


MOLECULAR MODEL SET 


Smith, Arthur F., Co. 
1958: 10 Jan., 94 
Standard Scientific Supply Co. 
1958: 18 July, 152 


MONOCHROMATORS 


Bausch & Lomb Optical Co. 
1958: 20 June, 1418 
Biddle, James G., Co. 
1958: 25 Oct., 885 
Farrand Optical Co., Inc. 
1958: 16 May, 1196; 18 July, 159 
Kahl Scientific Instrument Corp. 
1957: 25 Oct., 872 
Photovolt Corp. 
1957: 15 Nov., 1033; 27 Dec., 
1958: 17 Jan., 165; 
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1357 
14 Feb., 348; 4 





Apr., 763; 2 May, 1067; 6 June, 1349; 4 
July, 43; 8 Aug., 313; 3 Oct., 783 


NEPHELOMETERS 


Coleman Instruments, Inc. 
1957: 29 Nov., 1130 
1958: 25 July, 209; 26 Sept., 


~ 
oo 
or 


OPTICAL CRYSTALS 


Dell Optics Co., Ltd. 
1958: 21 Feb., 416; 
Harshaw Chemical Co. 


21 Mar., 652 


1957: 25 Oct., 877; 15 Nov., 1033; 6 
Dec., 1211 
1958: 10 Jan., 97; 21 Feb., 421; 21 


PAE: 


THE DISPOSABLE CULTURE PLATE 


for routine bacteriology 
Blood Agar 
Chocolate Agar 
E.M.B. Agar 


MacConkey Agar 


Desoxycholate Citrate Agar 


Mar., 651; 18 Apr., 885; 16 May, 1189, 
15 Aug., 367; 19 Sept., 671 
Isomet Corp. 

1958: 21 Feb., 419 


OPTICAL INSTRUMENTS 


Gurley, W. & L. E. 
1958: 17 Oct., 918 


OSCILLATORS, SONIC 


Raytheon Manufacturing Co. 
1957: 25 Oct., 777; 15 Nov., 1040 
1958: 11 Apr., 781; 25 Apr., 907; 2 
May, 1022; 9 May, 1085; 16 May, 1141; 
6 June, 1313; 10 Oct., 798 





(prepared medium) 


MED 


IN A STERILE BAG 


for routine mycology 
Sabouraud Dextrose Agar 
Mycosel Agar 

Littman Oxgall Agar 


(other media on request) 


Get technicians out of the kitchen and back to the lab- 
oratory. Switch to PRE-MED — the efficient way to obtain 
plates. PRE-MED plates are optically clear, scratch-free 


Petri dishes containing ready-to-streak culture medio. 
Because they are mass-produced with modern, controlled 
methods, you get perfect, sterile, standard preparations 
every time. For maximum shelf life, each PRE-MED unit 





i's reatly to use 


HYLAND LABORATORIES 4501 


is sealed in a sterile polyethylene bag to preserve mois- 
ture and prevent air contamination. (Bag may be 
resealed for prolonged incubation.) 

Now, even perishable specimens become routine to 
handle. Simply open a bag, streak the plate and incu- 
bate. After reading, destroy. Salvage lost technician- 
hours. Join the switch to PRE-MED 


[ust streak it 


9, ¢ Yalif. 
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OSCILLOSCOPES Fisher Scientific Co. 


Sanborn Co. i 1958 A 11 Apr., i 
1957: 25 Oct., 793; 1 Nov., 898; 22 _ Pereny Equipment Co. 
Jov 1957: 29 Nov., 1127 
Nov., 1045 ‘i ryt 

1958: 14 Mar., facing 584 chaar and Uo. 


1957: 8 Nov., 985 


OVENS PETRI DISHES 
Ace Glass, Inc. 


1957: 25 Oct., 850 Thomas, Arthur H., Co. 


American Instrument Co., Inc. 1958: 9 May, 1136 


1958: 13 June, 1365 








Brinkmann Instruments, Inc. pH INDICATORS 
1958: 17 Jan., 109 Advanced Instruments, Inc. 
Central Scientific Co. 1957: 25 Oct., 856 
1957: 29 Och 771 Analytical Measurements, Inc. 
1958: 22 Aug., 431 1958: 7 Feb., 296; 25 Apr., 1008 
& 


















You are cordially invited to attend the 


PARADE of 
SCIENTIFIC 
INSTRUMENTS 


for Education, Public Health and Industry 


. . « featuring a symposium and 
lectures by eminent scientists 

and technicians on instrumentation 
and methods. 


New Laboratory Instruments 
New Apparatus and Chemicals 
New Techniques — New Ideas 


Demonstrated and Displayed 
By 50 of America’s Outstanding Instrument and 
Apparatus Manufacturers and Chemical Producers 


GRAND BALLROOM 
HOTEL NEW YORKER 


34th Street and 8th Avenue, New York City 




















Nov. 10, 1958 — 2 to 9 P.M. 
Nov. 11, 1958 — 11 A.M. to 9 P.M. 
Nov. 12, 1958 — 11 A.M. to 7 P.M. 























under the auspices of 


STANDARD SCIENTIFIC SUPPLY CORP. 
808 Broadway, New York 3, N.Y. 






































Beckman Instruments, Inc., Scientific 
Instruments Div. 
1958: 4 Apr., 775; 11 July, 55 
Brinkmann Instruments, Inc. 
1958: 6 June, 1354 
Cambridge Instrument Co., Inc. 
1957: 6 Dec., 1152 
1958: 21 Feb., 424 
Coleman Instruments, Inc. 
1958: 9 May, 1127; 11 July, 95 


PHOTOMETERS 


Advanced Instruments, Inc. 
1957: 25 Oct., 856 
Baird-Atomic, Inc. 
1958: 17 Oct., 920 
Eldorado Electronics 
1957: 25 Oct., 866; 8 Nov., 986; 13 
Dec., 1259 
1958: 10 Jan., 95; 11 Apr., 818; 4 
Apr., 766 
Farrand Optical Co., Inc. 
1958: 25 Apr., 987; 26 Sept., 724 
Fisher Scientific Co. 
1957: 13 Dec., 1258 
1958: 21 Feb., 432 
Kahl Scientific Instrument Corp. 
1957: 25 Oct., 872 
Metro Industries 
1957: 25 Oct., 877 
Perkin-Elmer Corp., Instrument Div. 
1957: 25 Oct., 789 
Photovolt Corp. 
1957: 1 Nov., 943; 20 Dec., 1303 
1958: 24 Jan., 199; 7 Mar., 541; 25 
Apr., 997; 16 May, 1189 


PHOTOMICROGRAPHIC 
EQUIPMENT 


American Optical Co., Instrument Div. 
1958: 3 Oct., 796 
American Speedlight Corp. 
1957: 25 Oct., 878; 6 Dec., 1196 
Bausch & Lomb Optical Co. 
1957: 1 Nov., 938 
1958: 18 July, 114; 29 Aug., 444; 26 
Sept., 692 
Brinkmann Instruments, Inc. 
1958: 16 May, 1193 
Central Scientific Co. 
1957: 15 Nov., 1039; 13 Dec., 1218 
1958: 10 Jan., 103; 21 Feb., 368; 28 
Mar., 719; 4 Apr., 723 
Electro-Mechanical Development Co. 
1958: 24 Jan., 206 
Hofmann, Alfred, & Co. 
1957: 25 Oct., 883 
Leitz, E., Inc. 
1957: 25 Oct., 772; 8 Nov., 948 
Photovolt Corp. 
1957: 1 Nov., 943; 20 Dec., 1303 
1958: 24 Jan., 199; 7 Mar., 541; 25 
Apr., 997; 16 May, 1189 
United Scientific Co., Unitron Instrument 
Div. 
1957: 25 Oct., 781; 29 Nov., 1135 
1958: 7 Feb., 297; 16 May, 1190; 25 
July, 171; 17 Oct., 917 
Zeiss, Carl, Inc. 
1957: 25 Oct., 787 
1958: 21 Feb., 375; 21 Mar., 620; 11 
July, 56 


PIPETTES AND ACCESSORIES 


American Hospital Supply Corp., 
Scientific Products Div. 
1958: 15 Aug., 329 
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Setting the pace since 1949 
deny Claaar in Small-Scale Apparatus— 
METROWARE 
RECORDER OVER 300 DIFFERENT 
Ss INTERCHANGEABLE 
olued Your UNITS FOR EVERY TYPE 
oral OF ORGANIC ANALYSES: 
vECO ding DRYING AND STORING 
ce in the 10 to 100 Millivolt DC range “DISTILLATION. 
FILTRATION 
Ho. 22700 at the Lowest Cost SUBLIMATION 
CONCENTRATION 
: 13 HIGH The crinciole of ts EXTRACTION, LIQUIDS 
IMPEDANCE INPUT e principle o operation is based on AND SOLIDS 
3; 4 5” USEFUL a null balancing system using a multi- 
CHART WIDTH turn potentiometer and servo-motor. 
PEN TRAVEL The simple basic design and rugged 
a a STO construction provides utmost relia- 
URGE 8 6bility. Features: long life photo- 
TABLE OR PANEL electric chopper, rectilinear record- 
— ing, variety of chart speeds and drives, 
HIGH hassial! mounts and writes horizontal or vertical, 
| all components readily accessible. . ‘: 
a” METRO INDUSTRIES 
a Manufact f Metrow nd ialized equipment 
C.H. STOELTING CO. for Pharmaceutical, Physiological and Chemical research 
424.N.HOMAN AVE. + CHICAGO 24, ILL. 11-38 31st Avenue e Long Island City 6, N.Y. 
v. —— 
4; 26 





with 


~/ mised SPECTROLATOR 


This is an entirely new concept of a Large Volume, Continuous 
Flow, Free Hanging, Vertical Curtain Electrochromatography 


3 Unit with built in Heat Pump type compressor. 
As 29 





Circulating cold air from the internal Heat Pump is directed 
across both sides of the curtain. This instantaneously dissipates 











ument i heres : 
heat from the curtain, stabilizing the fractionating patterns. 
5 The flip of a switch reverses the Heat Pump from refrigeration 
+ 95 ° ° . . mie 
0; 29 to heat which immediately dries the curtain in place. Stable : 
il duced. Precise electronic control of Roh A Se 
Cee eee ry. thes oor ¥ bi ? ie Journal of Immunology, Purification of Plague Toxin, 
temperature eliminates gradients and stabilizes the Vol. 80 No. 6, pp 441-445, June 58. Potents Applied for. 
20; 11 electrophoretic pattern. The low temperature (0°-1° C.) 
operation gives the SPECTROLATOR a high resolving power 
, (110 V/cm) and a large capacity (up to 1 liter per day). Write to: 
The unit is compact, table size. Platinum, non-clogging electrodes fl | ( A () ( HEM ICA | SPECIA l] | £§ (0 
are used. The unit can be operated from micro to macro scale. . 
1825 Eastshore Highway °* Berkeley 10, California 
OL. 128 24 OCTOBER 1958 
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Sven COhomisS $9Q 
should have one at.... 


Do not waste costly man hours waiting for or 
walking to a balance. For only $29.50 you can 
have each chemist or weighing station 
equipped with a fast, accurate 
Cent-O-Gram. 

SENSITIVITY .01 gram (1 Centigram) 
CAPACITY 311 Gram 


ms MODEL C.G. 311 
TRIPLE BEAM BALANCE 


for complete i) | ; AVES) 


-information write for 


eeTCEREE bullatin........ er 1 67.0 9 08 610); 0 10)-7- Uw le), 


1050 COMMERCE AVE. 
UNION, NEW JERSEY 

























British 
SAID IT! Information Services 


at the Kern booth at the recent Congress 45 Rockefeller Plaza, New York 20 


at Vienna, where you expressed keen 


interest in and mentioned the demand Agents for H.M. Stationery Office 
here for the 
ON THE DYNAMICS OF EX- 
KERN LK 50 PLOITED FISH POPULA- 
MICRO-ELECTROPHORESIS ONS 
APPARATUS by R. J. H. Beverton and 
S: J. Holt $22.68 
PIEZOELECTRICITY 


Selected engineering reports $13.50 
SURFACE ENERGY OF SOLIDS 

by V. D. Kuznetsov $ 1.53 
THE CALCULATIONS OF DE- 


FORMATIONS OF WELDED 
METAL STRUCTURES 





— by N. O. Okerblom $ 2.70 
Now we can tell you that here is an out- SELECTED ABSTRACTS OF 
pe — = Me ee ae Using ATOMIC ENERGY PROJECT 
only 0. ¥ » it i 
the easleck sack tak io ‘component UNCLASSIFIED REPORT 
over the entire horizontal cross-section of LITERATURE IN THE FIELD 
the cell. You press a button and the built- OF RADIATION CHEMIS- 
in camera makes a permanent record, suit- TRY 
able for plotting percentages. Other ad- 
vantages include small size, actual port- compiled by R. W. Clarke. 
ability, and speed. Bibliog $ 5.04 

Bulletin Med 505 gives ¢ : 
more details. Ask us for it. RESEARCH FOR INDUSTRY. 

Ask, too, for KP 567 describing the KERN 
FULL-CIRCLE POLARIMETER (now gs et A a ous 
equipped with 30 mm. i.d. trough for a 
“standard” tubes). TRIAL RESEARCH ASSO- 

Sole National Agents pat pli be GOv- $ 1.35 
K E R N C 0 M p A N y Prices do not include postage 

121 Nassau St., New York 38 Catalogs available 
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Clay-Adams, Inc. 
1957: 25 Oct., 879 
Corning Glass Works 
1958: 2 May, 1079; 5 Sept., 499 
Fischer & Porter Co., Glass Products Div. 
1957: 1 Nov., 899; 6 Dec., 1145 
Fisher Scientific Co. 
1958: 12 Sept., 610 
Nalge Co., Inc. 
1958: 17 Jan., 162; 21 Feb., 420; 8 
Aug., 318 
National Instrument Co. 
1957: 25 Oct., 889 
Palo Laboratory Supplies, Inc. 
1958: 25 July, 211 
Phipps & Bird, Inc. 
1957: 25 Oct., 863 
Research Specialties Co. 
1957: 15 Nov., 1030 
1958: 3 Jan., 44; 28 Feb., 446 
Thomas, Arthur H., Co. 
1958: 11 Apr., 832; 12 Sept., 620 


POLARIMETERS 


Fish-Schurman Corp. 
1957: 25 Oct., 889 
Kern Co. 
1957: 25 Oct., 857 
1958: 21 Feb., 423 
Leitz, E., Inc. 
1958: 26 Sept., 689 
Zeiss, Carl, Inc. 
1957: 22 Nov., 1049; 6 Dec., 1150 
1958: 21 Mar., 620; 16 May, 1138; 8 
Aug., 323 


POLAROGRAPHS 


Sargent, E. H., & Co. 
1957S 23° Ort;, 737 
1958: 24 Jan., 170; 13 June, 1363 
Standard Scientific Supply Corp. 
1958: 21 Mar., 618 


POWER PACKS 


Electronic Measurements Co., Inc. 
1957: 25 Oct., 865; 6 Dec., 1206 


PRESSURE APPARATUS 


Parr Instrument Co. 
1954: 25 Oct., 871 


PROJECTORS 


Bausch & Lomb Optical Co. 

1957: 1 Nov., 938; 6 Dec., 1158; 27 
Dec., 1354 

1958: 31 Jan., 214; 18 July, 114; 12 
Sept., 568; 10 Oct., 808 
Hofmann, Alfred, & Co. 

1957: 25 Oct., 883 
Leitz, E., Inc. 

1958: 31 Jan., 211; 28 Feb., 447; 20 
June, 1413; 10 Oct., 801 
Zeiss, Carl, Inc. 

1957: 25 Oct., 787 


PUMPS 


Harvard Apparatus Co., Inc. 
1958: 23 May, 1259 
New Brunswick Scientific Co. 
1958: 11 July, 94 
Phipps & Bird, Inc. 
1958: 18 Apr., 886; 4 July, 39; 18 
July, 159; 26 Sept., 728 
Scott-Mitchell House, Inc. 
1958; 3 Jan., 43 
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Sigmamotor, Inc. 
1958: 7 Mar., 541; 5 Sept., 541 


PUMPS, VACUUM 


Central Scientific Co. 

1957: 25 Oct., 770 

1958: 20 June, 1455; 18 July, 167; 19 
Sept., 677 
Consolidated Electrodynamics Corp., 
Rochester Div. 

1958: 17 Jan., 161; 25 Apr., 1011; 16 
May, 1187; 15 Aug., 369; 19 Sept., 673 
Little, Arthur D., Inc., Engineering Div. 

1957: 25 Oct., 784 
National Research Corp., NRC 
Equipment Corp. 

1958: 14 Feb., 348; 11 July, 98; 26 
Sept., 724; 3 Oct., 787 
Schaar and Co. 

1958: 7 Mar., 536 
Standard Scientific Supply Corp. 

1957: 6 Dec., 1202 

1958: 15 Aug., 374 
Welch, W. M., Manufacturing Co. 

1958: 6 June, 1349; 4 July, 37; 1 Aug., 
261 


PYROMETERS 


Cambridge Instrument Co., Inc. 
1957: 6 Dec., 1152 


RADIATION COUNTERS 


Anton Electronic Laboratories, Inc. 

1958: 12 Sept., 619 
Applied Physics Corp. 

1957: 6 Dec., 1193 
Atomic Accessories, Inc. 

1957: 25 Oct., 890 
Baird-Atomic, Inc. 

1957: 25 Oct., 774; 29 Nov., 1131 

1958: 14 Feb., 354 
Borg-Warner Corp., BJ Electronics 

1958: 18 Apr., 887 
Cambridge Instrument Co. 

1957: 25 Oct., 869 
Nuclear-Chicago Corp. 

1957: 25 Oct., 799; 29 Nov., 1090; 
27 Dec., 1315 

1958: 21 Mar., 664; 25 Apr., 900; 20 
June, 1464; 29 Aug., 492; 17 Oct., 924 
Nuclear Corporation of America, Inc., 
NRD Instrument Co. 

1957: 25 Oct., 790 
Nuclear Measurements Corp. 

1958: 27 June, 1512; 25 July, 208 
Packard Instrument Co. 

1957: 25 Oct., 882; 6 Dec., 1201 

1958: 21 Feb., 428; 4 Apr., 767; 25 
Apr., 1016; 23 May, 1210; 18 July, 112; 
15 Aug., 334; 10 Oct., 806 
Philips Electronics, Inc. 

1957: 25 Oct., 782; 8 Nov., 950; 22 
Nov., 1047 
Technical Measurement Corp. 

1958: 7. Mar., 494; 16 May, 1144; 27 
June, 1470; 8 Aug., 276; 5 Sept., 502 
Tracerlab, Inc. 

1957: 20 Dec., 1268 

1958: 24 Jan., 202; 18 Apr., 891; 19 
Sept., 679 


RADIATION HAZARD CONTROLS 


Controls for Radiation, Inc. 

1958: 10 Jan., 50; 9 May, 1124; 23 
May, 1251; 13 June, 1399; 18 July, 164; 
10 Oct., 848 
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MOST COMPACT ON 
MARKET! 





















































Aminco-Lardy Warburg Apparatus 


Cat. No. 5-140 Warburg, Aminco- 
Lardy—nine stations; equipped with 
bi-metal thermoregulator, but with- 
out manometers, supports and vessels 
which must be ordered separately. 


Complete information 
contained in 


BULLETIN 2306-B 


Available upon 
request 





AMERICAN 


INSTRUMENT CO., 
8030 Georgia Ave., Silver Spring, Maryland 





The same excellence of design, work- 
manship and materials that are built 
into Aminco’s other time-proven 
Warburg instruments for manometric 
research are now incorporated into 
its newest member of the family, 
the Bench Model Warburg Apparatus. 
The overall diameter of 16 inches 
and total weight of 63 Ibs. make this 
Warburg the smallest and lightest 
commercially-available instrument of 
its type on the market. It is especial- 
ly useful where lab space is limited, 
and ideal for classroom instruction. 
Nine manometer stations are pro- 
vided to accommodate four pairs of 
operating manometers and one ther- 
mobarometer. 

Designed to maintain close tempera- 
ture control, the difference in tem- 
perature measured between any two 
points at an operational depth in the 
bath is less than 0.01°C. 

Shaking of flasks is adjustable in 
both frequency and amplitude, and 
each manometer can be easily re- 
moved to provide accessibility to in- 
dividual flasks without disturbing re- 
maining samples. 

Temperature range: Ambient to 50°C. 
Power requirement: 115 v., 60-cycle, 
a-c. 


INC. 
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RARE EARTHS 


Lindsay Chemical Co. 
1957: 15 Nov., 994 


Union Carbide Corp., Linde Co. Div. 
1958: 7 Mar., 543; 2 May, 1073 


RECORDERS, GRAPHIC 


Foringer & Co., Inc. 
1958: 25 Apr., 1015 Sanborn Co. 
Gilson Medical Electronics 
1958: 18 July, 164; 15 Aug., 371; 26 Sargent, E. H., & Co. 


Stoelting, C. H., Co. 
1958: 15 Aug. 371 Sept., 555 


a LP 





1958: 24 Jan. 204 


1958: 2 May, 1066 
Photovolt Corp. 


Dec., 1205 


431; 26 Sept., 731 
1958: 11 Apr., 780 


1957: 25 Oct., 797 





BIG PROBLEMS 


ue MILLIPORE FILTERS 


For PROCESS FILTRATION 
Remove ALL particles from liquids or gases 


For ANALYSIS 


down to 0.01 MICRON! 


MF® MILLIPORE FILTER Membranes GIVE: 
EXTRAORDINARILY HIGH FLOW RATES — 80% pore volume. 


ABSOLUTE RETENTION — by true “screening” action. 


10 POROSITY GRADES — ranging from 0.01), to 5.0). 


In the Fields of ... 
RADIOACTIVITY 





free of all particulate contamination. 





per minute. 


MISSILES — AVIATION 





ashes to 0.0000 grams/cm*. 
hydraulic servo valve wear and failure. 


. . and many, many others. 


Write TODAY for FREE BROCHURE, TECHNICAL BIBLIOGRAPHY, 
and Complete Information on MF® Applications in YOUR Field of Interest. 


MILLIPORE FILTER CORPORATION 


BEDFORD, MASSACHUSETTS, U.S.A. 


Sole Manufacturer and Distributor of 
MF® MILLIPORE and MICROWEB® FILTERS 


Harvard Apparatus Co., Inc. 


Mandrel Industries, Inc. 


1957: 25 Oct., 877; 8 Nov., 985; 6 


1958: 31 Jan., 251; 21 Feb., 433; 21 
Mar. 657; 18 Apr., 885; 23 May, 1251; 
20 June, 1455; 18 July, 167; 22 Aug., 


1958: 21 Feb., 379; 11 July, 54; 5 


When SMALL PARTICLES become 


Precise analyses of particulate radioactivity in liquids 
and gases. Surface retention on MF results in negligible 
= absorption by filter of alpha and beta energies during 
2G ON aa lint te >) counting. MF filtration provides reactor cooling water 


BACTERIOLOGY 


Bacterial water analyses in only 18 hours with 4 to 5 
times more accuracy. Positive TB cultures grow on the 
MF in 3-5 days instead of usual 18-28 days. Pharma- 
ceutical sterility testing, Brewing quality control. Heat- 
labile culture media and similar materials reliably 
sterilized by MF filtration at flow rates up to 10 liters 


S.A.E. and A.S.T.M. Methods for analysis of particulate 
contamination in hydraulic fluids and hydrocarbons 
specify Millipore Filters. MF becomes completely trans- ° 
parent for microscopy by applying immersion oil. MF 


MF flush-filtration of missile system fluids eliminates 








Stoelting, C. H., Co. 

1957: 25 Oct., 881; 1 Nov., 937; 15 
Nov., 1029; 29 Nov., 1129 

1958: 28 Mar., 713; 25 Apr., 999; 20 
June, 1449 


RECORDING EQUIPMENT, BIO- 
PHYSICAL 


American Electronic Laboratories, Inc. 
1957: 25 Oct., 885 
Sanborn Co., Medical Div. 
1957: 25 Oct., 793; 1 Nov., 898; 22 
Nov., 1045; 6 Dec., 1149; 20 Dec., 1269 
1958: 17 Jan., 111; 6 June, 1314; 18 
July, facing 137; 15 Aug., 327; 12 Sept., 
562 
Technical Measurement Corp. 
1958: 11 July, 58 
Yellow Springs Instrument Co., Inc. 
1957: 6 Dec., 1199 


REFRACTOMETERS 


Leitz, E., Inc. 

1958: 26 Sept., 689 
Zeiss, Carl, Inc. 

1957: 22 Nov., 1049 


RESIN REACTION APPARATUS 


Scientific Glass Apparatus Co. 
1958: 13 June, 1402 


ROTORS 


Beckman Instruments, Inc., Spinco Div. 
1957: 25 Oct., 785; 6 Dec., 1147 
1958: 17 Oct., 862 

Lourdes Instrument Corp. 

1958: 25 Apr., 924 

Sorvall, Ivan, Inc. 
1957: 25 Oct., 791 


SCALES 


Exact Weight Scale Co. 
1958: 28 Mar., 715; 18 Apr., 883; 2 
May, 1072 
National Instrument Co. 
1957: 25 Oct., 889 
Welch, W. M., Manufacturing Co. 
1958: 4 Apr., 769 


SHAKERS 


Central Scientific Co. 

1957: 25 Oct., 770 
Laboratory Glass and Instrument Corp. 

1957: 25 Oct., 885 

1958: 25 Apr., 908; 12 Sept., 560 
New Brunswick Scientific Co. 

1958: 2 May, 1075; 9 May, 1123; 23 
May, 1257; 20 June, 1449; 25 July, 216; 
5 Sept., 551 
Parr Instrument Co. 

1957: 25 Oct., 871 
Research Specialties Co. 

1957: 25 Oct., 855 

1958: 25 Apr., 995 
Schaar and Co. 

1957: 25 Oct., 871 


SHOCK TESTING APPARATUS 
Consolidated Electrodynamics Corp., 
Rochester Div. 

1958: 20 June, 1459 
SINKS 


Alberene Stone Corp. 
1958: 4 Apr., 765; 19 Sept., 672 
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SKELETON MODEL 


Andrew Technical Co. 
1958: 7 Feb., 297 

Welch, W. M., Manufacturing Co. 
1958: 7 Feb., 303; 3 Oct., 783 


SLIDE RULES 


Garfield, Oliver, Co., Inc. 
1958: 21 Feb., 428; 9 May, 1120 


SPECTROMETERS 


Biddle, James G., Co. 
1957: 25 Oct., 885 
Kahl Scientific Instrument Corp. 
1957: 25 Oct., 872 
Packard Instrument Co. 
1957: 15 Nov., 1030; 6 Dec., 1201 
1958: 7 Feb., 300; 21 Feb., 428; 25 
Apr., 1004; 2 May, 1074; 13 June, 1368; 
1 Aug., 262; 15 Aug., 334; 19 Sept., 628; 
10 Oct., 806 
Perkin-Elmer Corp., Instrument Div. 
1958: 18 Apr., 895 
Polarad Electronics Corp., Scientific 
Instruments Div. 
1958: 21 Feb., 424 
Technical Measurement Corp. 
1958: 25 Apr., 932 
Varian Associates, Instrument Div. 
1957: 27 Dec., 1358 
1958: 14 Feb., 306; 25 Apr., 922; 20 
June, 1463; 15 Aug., 332; 19 Sept., 623 


SPECTROPHOTOMETERS AND 
ACCESSORIES 


Applied Physics Corp. 
1957: 25 Oct., 873 
1958: 21 Feb., 435; 7 Mar., 535; 25 
July, 213 
Axler Associates, Inc. 
1958: 25 Apr., 1002 
Beckman Instruments, Inc., Scientific 
Instruments Div. 
1957: 25 Oct., 801 
1958: 7 Mar., 551; 2 May, 1018; 12 
Sept., 615 
Coleman Instruments, Inc. 
1957: 15 Nov., 1034; 13 Dec., 1259 
1958: 25 Apr., 1007; 20 June, 1453; 
22 Aug., 429; 2 Sept., 607 
Gilson Medical Electronics 
1958: 29 Aug., 484 
New York Laboratory Supply Co., Inc. 
1958: 25 Apr., 995 
Perkin-Elmer Corp., Instrument Div. 
1957: 25 Oct., 789; 22 Nov., 1046 
1958: 17 Jan., 167; 7 Mar., 492; 23 
May, 1204; 15 Aug., 379; 5 Sept., 496 
Will Corp. 
1958: 18 July, 157 
Zeiss, Carl, Inc. 
1958: 17 Jan., 168; 6 June, 1312 


SPECTROSCOPES 


Bausch & Lomb Optical Co. 
1957: 6 Dec., 1158 
1958: 12 Sept., 568 
Borg-Warner Corp., BJ Electronics 
1958: 26 Sept., 734 
Edmund Scientific Co. 
1958: 3 Oct., 795 
Leitz, E., Inc. 
1958: 26 Sept., 689 
Varian Associates, Instrument Div. 
1957: 29 Nov., 1091 
Zeiss, Carl, Inc. 
1958: 21 Mar., 620; 8 Aug., 323 
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Cherma B riage 


THERMAL CONDUCTIVITY EQUIPMENT 





NEW... 
design 


concepts 
ee 











and cells 





for thermal 
conductivity 
measurements 

















Now...a complete line of precision instruments housed 
in advanced, functionally designed cabinets with latest 
refinements in circuitry and design. 

Advanced design ‘‘Therma Bridge’ sensing cells, the 
heart of all gas conductivity measurements are available 
in two metal mass weights. A heavy-weight, open core, 
hexagonal cell and light-walled, individual cavity cell. Both 
cells are available with either hot-wire or thermistor 
sensing elements. 

Instruments include Therma Bridge Gas Analyzer for 
monitoring purity values in gas streams and for wide 
applications in gas impurity analysis; Therma Bridge 
Stabilized Temperature Sensing Unit for use in low impurity 
percentages in gas analysis and chromatography, as well 
as for measurements at elevated temperatures; Therma 
Bridge Power Supply and Control Circuit Unit the power 
source for all thermal conductivity sensing cells. 


All equipment is designed for rack or individual mount- 
ing. Special custom design service for special applications. 
Write today for complete technical details on the full line 
of Therma Bridge Gas Thermal Conductivity Instruments 
and Cells to... 


Industrial Instruments Engincering Corp. 


89 Commerce Road, Cedar Grove, Essex County, N. J. 





COMPLETE line 
of instruments 












































THESE E-D PAPERS 
FILTER FAST. 


AND 
THEY GIVE GOOD 
CLEAR FILTRATES. 





THEY HOLD UP WELL UNDER 
REPEATED WASHINGS, TOO. 


@ Weeks LATER 
peer 


LOOKS LIKE YOU'LL BE A 
TOP-GRADE STUDENT AGAIN 
THIS YEAR, 








ALOT OF THE CREDIT GOES TO 
THOSE TOP-GRADE 

my EATON-DIKEMAN 
FILTER PAPERS 4 
























, A —~ =~ 
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Write for FREE Sample Filter Papers to 


, THE EATON-DIKEMAN CO. 


Filtertown 


1 Mt Holly Springs, Pa. 
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STERILIZER EQUIPMENT 


American Sterilizer Co., Scientific Div. 

1958: 7 Feb., 259; 28 Mar., 669; 20 
June, 1411; 18 July, 107; 22 Aug., 382 
Wilmot Castle Co. — 

1957: 25 Oct., 854 

1958: 6 June, 1308, 1309; 4 July, 2; 
5 Sept., 497 


STETHOSCOPES, AMPLIFYING 


Sanborn Co. 
1957: 25 Oct., 793; 1 Nov., 898 


STILLS 


Consolidated Electrodynamics Corp., 
Rochester Div. 

1958: 21 Feb., 429; 18 July, 161 
Smith, Arthur F., Co. 

1957: 25 Oct., 792 


STIRRERS 


Ace Glass, Inc. 
1957: 22 Nov., 1082 
1958: 17 Jan., 160 
Central Scientific Co. 
1958: 13 June, 1403; 3 Oct., 785 
Palo Laboratory Supplies, Inc. 
1958: 11 Apr., 824 
Parr Instrument Co. 
1957: 25 Oct., 871 
Tri-R Instruments 
1957: 25 Oct., 874 
Welch, W. M., Manufacturing Co. 
1958: 3 Jan., 46 


PELESCOPES 


Edmund Scientific Co. 
1957: 1 Nov., 938; 6 Dec., 


: 7 Mar., 
496; 11 Apr., 831; 9 May, 1086; 6 June, 
1310; 11 July, 103; 8 Aug., 272; 5 Sept. 


498; 3 Oct., 795 
Fecker, J. W., Inc. 

1957: 25 Oct., 870; 22 Nov., 1080; 6 
Dec., 1199; 20 Dec., 1306 

1958: 3 Jan., 42; 24 Jan., 206; 7 Feb., 
299 
United Scientific Co., Unitron Instrument 
Div. 

1957: 8 Nov., 986; 22 Nov., 1082; 6 
Dec., 1206 

1958: 28 Feb., 481; 28 Mar., 712; 25 
Apr., 999; 30 May, i298; 13 June, 1403; 
3 Oct., 791 


TEMPERATURE CONTROL 
EQUIPMENT 


Blue M Electric Co. 
1958: 2 May, 1075 
Hallikainen Instruments 
1958: 27 June, 1510 
Thomas, Arthur H., Co. 
1958: 7 Mar., 552 
Yellow Springs Instrument Co. 
1958: 17 Oct., 909 


TENSIOMETERS 


National Instrument Laboratories, Inc. 
1957: 15 Nov., 1034 


THERMOMETERS 


Advanced Instruments, Inc. 
1957: 25 Oct., 856 





Sargent, E. H., & Co. 
1958: 18 Apr., 836 

Tri-R Instruments 
1957: 25 Oct., 874 

Yellow Springs Instrument Co., Inc. 
1957: 6 Dec., 1199 


THERMOSTATS 


Brinkmann Instruments, Inc. 
1957: 1 Nov., 937; 29 Nov., 1128 
1958: 17 Jan., 109 


TITRATION EQUIPMENT 


Brinkmann Instruments, Inc. 

1958: 24 Jan., 199 
California Laboratory Equipment Co. 

1958: 11 Apr., 823; 9 May, 1123; 6 
June, 1354; 4 July, 37; 1 Aug., 264; 5 
Sept., 545; 3 Oct., 787 
Central Scientific Co. 

1957: 25 Oct., 771 

1958: 27 June, 1507; 10 Oct., 851 
Corning Glass Works 

1958: 13 June, 1399; 17 Oct., 911 
Laboratory Glass & Instruments Corp. 


1958: 25 Apr., 909; 23 May, 1253;° 


25 July, 170: 12 Sept., 560 
Linbro Chemical Co. 

1958: 10 Jan., 97; 21 Feb., 427; 14 
Mar., 609; 25 Apr., 1009 
Palo Laboratory Supplies, Inc. 

1958: 7 Mar., 536; 25 Apr., 985 
Phipps & Bird, Inc. 

1958: 17 Jan., 110; 2 May., 1067; 19 
Sept., 675 
Sargent, E. H., & Co. 

1957: 6 Dec., 1154 

1958: 21 Mar., 663; 8 Aug., 273; 3 
Oct., 745 
Scientific Industries, Inc. 

1958: 27 June, 1512 
Standard Scientific Supply Corp. 

1958: 3 Oct., 788 


TRANSDUCERS 


Decker Corp. 

1958: 24 Jan., 172; 21 Feb., 365; 21 
Mar., 619 
Sanborn Co. 

1958: 14 Feb., 359; 21 Feb., 376; 11 
Apr., 780; 9 May, 1084 


TRANSPARENCIES 


Central Scientific Co. 

1957: 13 Dec., 1218 

1958: 10 Jan., 103; 21 Feb., 368; 28 
Mar., 719; 4 Apr., 723 
Polaroid Corp. 

1957; 25 Oct., 773 


TUBING 


Drummond Scientific Co. 
1958: 17 Oct., 909 
Nalge Co., Inc. 
1957: 25 Oct., 864 
1958: 14 Mar., 562; 19 Sept., 668 


VACUUM DRY BOXES 


Blickman, S., Inc. 

1958: 21 Feb., 436; 28 Mar., 714; 18 
Apr., 889; 23 May, 1255; 20 June, 1458; 
18 July, 156; 22 Aug., 424; 19 Sept., 
678; 10 Oct., 853 
Lennard, P. M., Co., Inc. 

1958: 25 Apr., 993 


SCIENCE, VOL. 128 








msawe Ss WA OL 


= wt oo be 





um 


yo. 


458; 
ept., 


» 128 





VACUUM EQUIPMENT 


Central Scientific Co. 

1958: 18 July, 167 
Consolidated Electrodynamics Corp., 
Rochester Div. 

1958: 17 Jan., 161; 21 Feb., 429; 7 
Mar., 545; 21 Mar., 659; 15 Aug., 369; 
19 Sept., 673; 17 Oct., 915 
National Research Corp., NRC 
Equipment Corp. 

1957: 1 Nov., 937; 6 Dec., 1211 

1958: 3 Jan., 41; 28 Mar., 709; 9 
May, 1124; 6 June, 1354; 8 Aug., 313; 
5 Sept., 542; 26 Sept., 724; 3 Oct., 787 
United Scientific Co., Unitron Instrument 
Div. 

1958: 15 Aug., 331 
Welch, W. M., Manufacturing Co. 

1958: 1 Aug., 261 


VALVES 


Phipps & Bird, Inc. 
1957: 15 Nov., 1029 


VISCOMETERS 


Polarad Electronics Corp., Scientific 
Instruments Div. 
1958: 25 Apr., 1000 


VOLTAGE STABILIZERS 


New York Laboratory Supply Co., Inc. 
1958: 25 Apr., 995 


WARBURG APPARATUS 


American Instrument Co., Inc. 

1958: 20 June, 1451; 15 Aug., 330 
Gilson Medical Electronics (GME) 

1958: 25 Apr., 993; 23 May, 1257; 6 
June, 1347; 4 July, 37; 1 Aug., 259; 12 
Sept., 616; 10 Oct., 854 
Will Corp., Bronwill Scientific Div. 

1958: 14 Feb., 349; 16 May, 1195; 19 
Sept., 674; 3 Oct., 784 


_WARING BLENDORS 


AND ACCESSORIES 


Waring Products Corp. 
1958: 21 Feb., 366; 25 Apr., 920 
Will Corp., Bronwill Scientific Div. 
1958: 18 Apr., 890 


WEIGHTS 


Ainsworth, Wm., & Sons, Inc. 

1958: 18 July, 153; 19 Sept., 669 
Gurley, W. & L. E. 

1958: 17 Oct., 918 
Welch, W. M., Manufacturing Co. 

1958: 7 Mar., 532; 4 Apr., 769; 5 
Sept., 540 


WIRE CUTTERS 
Welch, W. M., Manufacturing Co. 
1957: 25 Oct., 853 


X-RAY EQUIPMENT 


Philips Electronics, Inc. 
1957: 8 Nov., 950; 22 Nov., 1047; 6 
Dec., 1140 


ZONE MELTING APPARATUS 


Research Specialties Co. 
1957: 1 Nov., 935 
1958: 13 June, 1401; 29 Aug., 483 
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printed circuit 
amplifiers 


Built-in 0.1% 
null voltmeter 


Repetitive or 
continuous operation 


Choice of 0.1% or 
1.0% computing 
components 


ANEW Desktop Computer 


WITH 


CHOPPER STABILIZED 
AMPLIFIERS 


Donner’s new 3400 analog computer combines high accuracy, 
flexibility, and economy. From its inception, design philosophy 
dictated the creation of a computer whose performance com- 
pared favorably with larger and more expensive equipment. 


\ & % 
SAAN 


Model 3101 plug-in amplifier: dc gain 
in excess of 50 million; maximum 
offset of a unity inverter, less than 
200 wv/day; drift of unity integra- 
tor, less than 100 yv/sec; phase 
shift of unity inverter, less than 0.5 
degrees at 1 kc. These amplifiers 
are also available for separate sale. 





A complete Model 3400 consists of 10 chopper 
stabilized amplifiers, built-in null voltmeter and 
cyclic reset generator, 5 initial condition power 
supplies and supporting control and metering 
circuitry. Price of the basic Model 3400 is $2,190. 
The Model 3430 Removable Problem Board sells 
for $95. The purchaser can buy either 0.1% or 
1.0% passive plug-in computing components ac- 
cording to the requirements of his problems. Two 
or more 3400’s can be slaved together and opera- 
ted from any one computer. Standard companion 
non-linear equipment such as function generators, 
and multipliers is available for operation with 
the 3400. 


Donner engineering representatives are located 
in principal areas throughout the western world. 
Your nearest representative will be happy to ar- 
range a demonstration. For the name of your 
nearest representative and complete technical 
information on the new Donner 3400, please 
address Dept. 5010 A 


DONNER 


CONCORD, CALIFORNIA 
Phone MUlberry 2-6161 © Cable “DONNER” 
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SONGCEN 


ULTRASONIC CLEANING EQUIPMENT 





Complete range of units for batch or con- 
yeyorized micro-cleaning, decontamination, 
of laboratory glassware, apparatus and in- 
struments—electrical, electronic, mechani- 


cal parts. GENERATORS 





Generators AP-50, AP-25, AP-10 
with Transducer/Tank units. 


TANK RF OUTPUT 

VOLUME (Watts) 
MODEL (Gals) Avg Peak 
AP- 10 0.6- 6 65 
AP- 25 1.2- 12 125 500 
AP- 50 2.5- 25 250 1,000 
AP-100 5- 50 500 2,000 
AP-200 10-100 1000 4,000 
AP-500 30-300 3000 12,000 

TRANSDUCERS 


Immersible Transducers hermetically sealed 
in Stainless Steel: integral Transducer/ 
Tank units from 2 to 25 gallon capacity. 

COMPLETE SYSTEMS 
C-Series Cabinet Units, R-Series Roll- 
Around units, with optional filters, rinse 
and dryers. 

Write for 24-Page Book on 

Ultrasonic Cleaning 


BRANSON ULTRASONIC 


eer, O-R A T-1 O;N 
E23 Brown House Rd. * Stamford *—Conn. 


VENOMS 


AAAS Symposium Volume No. 44 


6” x 9’, 480 pp., 113 illus., 
index, cloth, Dec. 1956 


Price $9.50. AAAS Members’ 
cash order price $8.25 


First International Conference 
on Venoms, with 95 contribu- 
tors from 18 countries. Com- 
prehensive coverage of all as- 
pects of the problem. 








This book covers poisonous fishes and 
marine organisms, many species of 
venomous snakes, the Gila monster, 
toads, scorpions, spiders, caterpillars, 
wasps and other venom-bearing insects; 
hyaluronidaselike substances and other 
spreading factors in venoms; various 
chemical components of venoms, coagu- 
lant and anticoagulant factors, antigenic 
principles; various experimental and sug- 
gested clinical uses of venoms; clinical 
considerations: mortality rates, treat- 
ment of many kinds of envenomation; 
new developments in serotherapy and 
types of supplementary medication; dan- 
gers of refrigeration for treatment. 


Of special interest to: Physicians, 
pharmacologists, chemists, and zoolo- 


gists. 
AAAS 
1515 Mass. Ave., NW, Washington 5, D.C. 
1046 








ADVERTISERS APPEARING IN “THE MARKET PLACE” 
SECTION OF SCIENCE, 25 OCT. 1957 THROUGH 17 OCT. 1958 


Abrahams Magazine Service 


56 E. 13th St., New York 3, N.Y. 


Albino Farms 
P.O. Box 331, Red Bank, N.J. 


American-Lincoln Incubator Co. 
645 Somerset St., New Brunswick, N.J. 


Armer Enterprises 
Croton Falls, N.Y. 


Bio-Rad Laboratories 
800 Delaware St., Berkeley, Calif. 


Bio-Research Consultants 
9 Commercial Ave., Cambridge 41, Mass. 


Canner’s, Inc. 
618 Parker St., Boston 20, Mass. 


Charles River Breeding Laboratories, Inc. 


Wilmington, Mass. 


Cherry Hill Farms 
P.O. Box 840, Camden 1, N.J. 


Davidor Advertising Agency 
60 E. 42 St., New York 17, N.Y. 


Electro-Medical Laboratory, Inc. 
South Woodstock, Vt. 


Esbe Laboratory Supplies 
459 Bloor St., W., Toronto, Canada 


Ferner, R. Y., Co. 
110 Pleasant St., Malden 48, Mass. 


Food and Drug Research Laboratories, 
Inc. 


Maurice Ave. at 58 St., Maspeth 78, N.Y. 


Gurley, W. & L. E. 
Troy, N.Y. 


Hoeltge Bros., Inc. 
1919 Gast St., Cincinnati 4, Ohio 


Holtzman Rat Co. 
Route 4, Badger Lane, Madison 5, Wis. 


Hormone Assay Laboratories, Inc. 


8159 S. Spaulding Ave., Chicago 29, III. 


Huntingdon Farms, Inc. 


2548 N. 27 St., Philadelphia 32, Pa. 


Isotope Chemical Co. 


1952 W. Irving Park Rd., Chicago 13, Ill. 


Isotopes Specialties Company, Inc. 
P.O. Box 688, Burbank, Calif. 


Ithaca Dog Farm 
R.R. #1, Ithaca, N.Y. 


Johnson, Walter J. 
111 Fifth Ave., New York 3, N.Y. 


LaMotte Chemical Products Co. 
Chestertown, Md. 


LaWall & Harrisson 
1921 Walnut St., Philadelphia 3, Pa. 


Leiderman, P. Herbert 
61 Frost St., Cambridge, Mass. 


Lyon, Ray 
150 S. Middle Neck Rd., Great Neck, N.Y. 


Manor Farms, Inc. 
Staatsburg, N.Y. 


Nelson Co. 
7810 Greenwood Ave., Washington 12, 
D.C. 


New Drug Institute 
130 E. 59 St., New York 22, N.Y. 


Northern Book House 
1334 Bloor St., W., Toronto, Canada 


Oster’s 
Box 111, Times Square Station, New York 
36, N.Y. 


Oxford Laboratories 
111 Sutter St., San Francisco 4, Calif. 


Pageant Press 
101 Fifth Ave., New York 3, N.Y. 


Palo Laboratory Supplies 
81 Reade St., New York 17, N.Y. 


Research Animals, Inc. 
3401 Fifth Ave., Pittsburgh 13, Pa. 


Rolfsmeyer, Dan, Co. 
Route 3, Syene Rd., Madison 5, Wis. 


Rozsa, George L. 
143 Linwood Ave., Buffalo 9, N.Y. 


Scientific Equipment Co. 
23 N. Hawthorne Lane, Indianapolis, Ind. 


Scientific Laboratory Services 
2 Melissa Way, Terre Haute, Ind. 


Sprague Dawley, Inc. 
P.O. Box 2071, Madison 5, Wis. 


Stocker, J. H. 
P.O. Box 4, Ramsey, N.J. 


Taconic Farms 
Germantown, N.J. 


Truesdail Laboratories, Inc. 
4101 N. Figueroa St., Los Angeles 65, 
Calif. 


University of Colorado 
Boulder, Colo. 


University of Texas 
Texas Medical Center, Houston 25, Tex. 


Vantage Press, Inc. 
120 W. 31 St., New York 1, N.Y. 


Wisconsin Alumni Research Foundation 
P.O. Box 2217, Madison 1, Wis. 


Yellow Springs Instrument Co., Inc. 
P.O. Box 106, Yellow Springs, Ohio 


Zator Co. 
1404 Mt. Auburn St., Cambridge 38, 
Mass. 


Zeehandelaar, F. J., Inc. 
286 Clove Rd., New Rochelle, N.Y. 


SCIENCE, VOL. 128 





a a a. i. i. oo; a pe) 


—- 


BS Gee Ges 





8 


N.Y. 


York 


Ind. 


» 65, 


on 


1i0 


. 128 





INDEX OF ADVERTISERS 
24 October 1958 


Abrahams Magazine Service ...... 1050 
Academic Press, Inc. ........... 1024 
Bree CHANGE EMSS 5 Fierdinwei.4s Bie ete Tass 1020 
Advanced Instruments, Inc. ...... 1032 
IDES PARI «0555 .4;4's 6. 6:3 Beery soe « 1050 
American Instrument Co., Inc. .... 1041 
American Hospital Supply Corp. .. 960 
American Optical Co. ......... 1052 
American Sterilizer Co. ......... 937 
Analytical Measurements, Inc. ... 1048 
Annual Reviews, Inc. .......... 1019 
Anton Electronic Laboratories, Inc. 948 
Applied Physics Corp. ......... 1035 
Arapahoe Chemicals, Inc. ....... 1015 
Avco Manufacturing Co. .. 930, 961 
Baird-Atomic, Imc. ......:..... 1028 
Bausch & Lomb Optical Co. .... 968 


Beckman Instruments, Inc., Scien- 
tific and Process Instruments Div. 936 
Beckman, Instruments, Inc., Spinco 


BIT o sigks aleieng ae xb Ge aR oan etre 927 
SUIOMMMITN, 52,7 MGs |. wie de eee eele 1013 
Branson Ultrasonic Corp. ...... 1046 
Brinkmann Instruments, Inc. .... 938 
British Information Services .... 1040 
MEE CIOL Wariia chet c wrens heels eaibace 954 
California Corporation for Biochem- 

BORE IRCROREUOIN 5 65:05:56 Caines 959 
California Laboratory Equipment 

ERR SE SR ER Ly te 1029 
I NNN 5 s\n 0 sarki mbes ans 1050 
Central Scientific Co. .......6.. 1023 
Chemical & Pharmaceutical 

BOGUAITY. CHIME, oo. Shes sees 1048 
Clinton Laboratories ............ 1019 
Coleman Instruments, Inc. ...... 1031 
Colorado Serum Co. ........... 1023 
Corning Glass Works .......... 965 
Delmar Scientific Laboratories ... 1030 
Donner Scientific Co. .......... 1045 
Be ARDSTEEN GO 6 64.06 ane sc 1048 
Eastman Kodak Co. ........... 947 
Eaton-Dikeman Co. ........... 1044 
Eldorado Electronics ..... 1010, 1047 
Exact Weight Scale Co. ........ 1025 
PRPOSMION PreMs *s owacccteee. . 1050 
Farrand Optical Co., Inc. ...... 1033 
Fischer & Porter Co. .......... 953 
Fisher Scientific Co. ........... 949 


Food and Drug Research 


Laboratories, Inc. ........... 1050 
General Electric Co. ........... 1018 
Gilson Medical Electronics ...... 1016 
BAA APSO OOy ios os Seas Keak 1027 
Hacker, William J., & Co. ....... 962 
BOONE GOS Sic Cicerone ete k.k 1014 
Harvard Apparatus Co., Inc. .... 1013 
Hoeltge Bros., Inc. ............ 1049 
Huntingdon Farms, Inc. ........ 1049 
Hyland Laboratories ........... 1037 
Industrial Instruments Engineering 

SR aR iba ene pe bee 1043 
International Equipment Co. .... 957 
MirrelAsh Gos. 6. ordi 944 
Peure-Manville ©. 6c6 00 ccc ses 935 


24 OCTOBER 1958 


Wtiit- Gass sc 2 ctiea sted saa 1040 
Klett Manufacturing Co. ....... 1027 
Laboratory Furniture Co., Inc. .. 1022 
Laboratory Glass & Instruments 


a IR eer righ 942, 943 
Letts, B., Iae.. . gsc Bees 955 
Lourdes Instrument Corp. ...... 963 
Laxo Lamp Corie . i... cc oc: . 1015 
Mann Research Laboratories, Inc. . 1029 
Metro Industries .............. 1039 
Mettler Instrument Corp. ...... 956 
Microchemical Specialties Co. ... 1039 
Millipore Filter Corp. .......... 1042 
Ware Cai, Tits. .64 cis. See 1036 
National Research Corp. ........ 1014 
New Brunswick Scientific Co. .... 1016 


New York Laboratory Supply Co. 1019 
Nutritional Biochemicals Corp. .. 1016 


Ghanus Scale Corgi i... i000 ss: 1040 
Packard Instrument Co., Inc. ... 929 
Parr Instrument Gov ........... 1027 
Pergamon Press, Inc. ... 2.0... 950 
Perkin-Elmer Corp. ............ 946 
Prppe& Bird; BAG os. 6868: 1033 
Bhotovelt Carpe oc. i058 oa 1023 
Pacer Ge ko caves debe tenes ass 1036 
Radio Corporation of America .. 932 
ane Cott oo. Bou canies cece. 941 
Rawson Electrical Instrument Co. . 1020 
Raytheon Manufacturing Co. .... 939 
Research Animals, Inc. ......... 1050 
Research Specialties Co. ....... 1012 
Rolfsmeyer, Dan, Co. .......... 1050 
Rotsa, George: Tas ieee ds: 1050 
Samieen Cee cuihed Peek tac od 964 
Sargent, E.:H:, .& Ces so.5 es. 35 as 934 
Scientific Glass Apparatus Co., Inc. 1026 
Scientific Industries, Inc. ....... 1024 
Smith, Arthur F., Co. .......... 958 
Sotwall, [wisi INC? ¢ «cuca: cee:<s 933 
Sprague-Dawley, Inc. .......... 1050 
Standard Scientific Supply Corp. . 1038 
Stpceet, hi Be Ui ses cee een ee 1049 
Stoeremg Ci BE. CO. on. Sieincieias ou 1039 
RMQUENG (PMN < 3.5 dcloen access 1050 
Technical Measurement Corp. ... 966 
Texas Instruments, Inc. .... 940, 951 
Thomas, Arthur H., Co. ......... 926 
oto Balance Ca) oo 5..cbe5 css 945 
‘TreR Insteumenis: << lasso ss. 1011 
Truesdail Laboratories, Inc. ..... 1050 
Ultra-Violet Products, Inc. ...... 1024 
United Scientific Co. ........... 1051 
Wirt GG? BiG tbo. bin eek ka 952 


Waring Products Corp. ... 1014, 1015 
Weizmann Institute of Science ... 1020 
Welch, W. M., Manufacturing Co. 1029 
Wild Heerbrugg Instruments, Inc. . 1021 


WUE COE ie oa kin CRO Rea ciee were 1034 
Wirmnot: Cathe Cans 60S. ces sie 931 
Winthrop Laboratories ......... 1023 
Wisconsin Alumni Research 

PIER Lily: eigidiiv chilis, 45e:a'4/ 9's 1050 
Yellow Springs Instrument Co. .. 1049 
Ce, COM TRS 5s kT errs 58 928 





Low cost 
multi-channel 
PULSE-HEIGHT 
ANALYZER 


20 channels 
100 spectrum points 
$4840 
FEATURING: 
% Building Block Design — 
can be expanded as desired 
% 10 to 50 channel capacity 
% 5 digit direct readout 
% Excellent stability & resolution 
% Window amplifier system yields 50 to 
250 spectrum points 
% Simplified operation—easy to maintain 


The Eldorado Model PA 400 brings 
multi-channel analysis within the 
budget ‘range of even the smallest 
laboratory. Expandable from 10 to 
50 channels, the building block de- 
sign enables the user to purchase a 
basic instrument and add additional 
10-channel increments as needed. 
The window amplifier circuit pro- 
vides for a continuously variable se- 
lection of any 20v segment of spec- 
trum under study. With this design 
up te 5 times the number of data 
points as there are available chan- 
nels can be obtained. 


By adding an Eldorado Model 
TH300 Time-to-Pulse Height Con- 
verter, the above system becomes a 
Time-of-Flight Spectrometer and a 
Milli-microsecond Time Interval 
measuring device. 


SPECIFICATIONS 
INPUT PULSE RANGE: 5 — 105v 
COUNT STORAGE: 105 counts per channel 
CHANNEL STABILITY: +15 mv referred 
to the window amplifier input 
PRICE (f.0.b. factory): 
10 channels — $3340. 
30 channels — $6340. 
50 channels — $9340. 
Write for complete technical information. 
Address department s10. 


Eiidorado 
Eiilectronics 


2821 Tenth Street 
Berkeley 10, California 
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EC401 ELECTROPHORESIS 
APPARATUS 





For either PAPER or 
STARCH ELECTROPHORESIS 


Three separate cells in one. 


Write for complete information. 


E-C APPARATUS COMPANY 
538 WALNUT LANE, SWARTHMORE, PENNA. 














with the 
Analytical 
pocket pH 
meter #/ 
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water-proof, 
ever-ready case 


585 Main St.,Chatham, N. J. 

Instrument size: 3 x 5% x 2% inches $ 
Case size: 3% x 6% x 4% inches 125. 

Weight with accessories: 3 Ibs. 

en a a a a en 

Analytical Measurements, Inc. 

585 Main Street, Chatham, N. J. 

Please send full information about your pocket pH meter to: 


Name 





Company 
Address 
City State 
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COUNTERCURRENT 
FRACTIONATOR 





200-Tube 
Extraction Train 


For separation and analysis of mixtures 


Our automatic drive can be used with 
any extraction train. Write for details. 


E-C APPARATUS COMPANY 
538 WALNUT LANE, SWARTHMORE, PENNA. 














FOR ACCURATE, INSTANTANEOUS TEMPERATURE READINGS... 
SURFACE, CAVITY OR INTERNAL ... at any body area with 





Portable ELECTRIC THERMOMETER 
Model TE3 


® Accurate to 0.1% G. 


Special applicators give temperature readings on any body area of 
humans or research animals. 


Temperature is indicated by a sharp light spot on a large easy-to-read 
dial. 

Connection box Model FE is used for examinations in which more than 
two applicators are employed simultaneously. 


Thermometer operates on the thermo-couple principle. 


Instrument incorporates automatic room temperature compensator. 


Currently used in leading research laboratories, universities, hospitals, 
etc. References on request. 





Write for specifications and prices. 
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——PERSONNEL PLACEMENT—— 











CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 
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Chief Biochemistry Technician, capable of setting 

up or running a clinical biochemistry laboratory. 

Interested in opening. Box 213, SCIENCE. 
10/10, 17, 24 





Biologist: M.S. (chemistry minor); technical 
pharmaceutical experience. Desirous of position 
in medical writing or related field. ec rege 
Box 225, SCIENCE. 10/31; 11/7 





(a) Chemist; major, biochemistry; minors, or- 
ganic chemistry, histology, cytology; 8 years as 
director, biochemistry, pharmaceutical company. 
(b) Medical Illustrator and Microphotographer ; 
New York area preferred. Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan, 
Chicago. X 





Parasitologist, Ph.D.; 6 years’ experience, bio- 
assay, chromatography, radioisotope techniques ; 
3 years principal investigator drug metabolism 
project. Teaching experience, biology, natural 
history, histology, zoology, parasitology, physi- 
ology. Desires teaching-research position. = 
226, SCIENCE. 





Zoologisi, Ph.D. Several years experience in uni- 

versity teaching and research; publications in 

endocrine- cytology. Desires to relocate. Box 230, 
ENCE. 





Zoologist, with M.S., professional research ex- 
perience in entomology and physiology, publica- 
tions, and having completed formal work lead- 
ing to Ph.D., desires teaching or combination 
teaching- research postion at college or univer- 
sity. Box 227, SCIENCE 10/31 


Iii POStT1ONS OPEN |i 


(a) Assistant Director of Clinical Research; 
preferably internist with teaching experience ; 
duties consist of clinical investigation on new 
and improved products; one of leading pharma- 
ceutical a East ; $15,000 up. (b) Phar- 
macologist, Ph.D., experienced in gastrointesti- 
nal field; pharmaceutical company; up to $10,- 
500. (c) "Associate Director of Product Develop- 
ment; minimum B.S. degree plus pharmaceutical 
experience in compounding experimental prod- 
ucts as well as organic syntheses; university 
town, Midwest; $8000. (d) Technical Writer; 
minimum B.S. degree, seceatihiy minor in jour- 
nalism; 5 years’ medical writing paar 
harmaceutical company; Southwest. S10-4 
edical Bureau, Burneice Larson, Director, 900 
North Michigan, Chicago. x 











Biochemist, full-time research in the field of 
theumatic fever. Should be versed in electro- 
chemistry and S| eas Miami, Florida. 
Box 223, SCIENCE. 





Biologist. Completed graduate work leading to 
Ph.D. ; $5880-$7344; to study ecology and pol- 
lution of estuaries of hig wg’ Virginia Fisheries 
Laboratory, Gloucester Point, 

9/19, 26; 10/3" er0. 17, 24, 31 


Biologist, Histologist, Histochemist, Ph.D. or 
equivalent. Research institute, New York—to 
work in the field of experimental diabetes. Start- 
ing salary $7500. Box 228, SCIENCE. 

10/31; 11/7, 14 








Il|| POStrIONS OPEN ill 


(a) Biochemist; prefer Ph.D., must be experi- 
enced clinical chemistry ; newly created position 
as department head, 200- bed approved general 
hospital ; Southwestern resort commnuity; 
$7200. (b) Bacteriologist; M.S. to head depart: 
ment, fully approved 300-bed general hospital; 
Midwest city 75,000; to $6000. (c) Chemist; 
M.S., Ph.D., to aid in planning new department 
in all new laboratory facilities ; active laboratory, 
approved school, two pathologists; hospital now 
expanding to over 200 beds; to $7500; stable 
small industrial community 50,000; Midwest. 
(d) Bacteriologist; newly created position in ex- 
panding laboratories ; hospital to have 350 beds; 
southeastern college city 75,000. (e) Assistant 
Professor of Pharmacology ; "M. D., Ph.D., pref- 
erably main interest in neuropharmacology ; 
$7500; prominent eastern university medical 
school. Woodward Medical Bureau, Ann Wood- 
ward, Director, 185 North Wabash, Chicago. 








The Market Place 


BOOKS + SERVICES - SUPPLIES - EQUIPMENT 





DISPLAY : Rates listed below—no charge 
for Box number. Monthly invoices will 
ser:t on a charge account basis — 
provided that satisfactory credit is 
established. 
Single insertion $26.00 per inch 
13 times in 1 year 
26 times in 1 year 23.00 
52 times in 1 year 22. 
For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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Biochemist. Medical center hospital. Ph.D. pre- 
ferred, to take charge of biochemical laboratory. 
Opportunities for research. Experience desirable, 
good salary, liberal increment policy, stimulating 
working ‘conditions. Apply Dr. David R. 
Meranze, Albert Einstein Medical Center, South- 
ern Division, Philadelphia 47, Pa. xX 





Cytologist, Histochemist and Geneticist, Ph.D., 
to teach in New England Catholic university; 
graduate and undergraduate department. Please 
indicate qualifications. Box 231, SCIENCE. 
10/31; 11/7, 14 








Excellent opportunity in Scientific Divi- 
sion of growing pharmaceutical firm for 
person with training in the biological sci- 
ences to screen and abstract unpublished 
scientific information and to develop and 
utilize coding processes in the recording, 
analysis and correlation of research data. 


Company located in small, progressive 
community in semi-rural area of Central 
New York State. 
Forward complete résumé to 
Personnel Director 
The Norwich Pharmacal Co. 
Norwich, N.Y. 

















M. D. with reaéarchi training and experience in 
pharmacology or physiology, to assist director of 
pharmacology, in leading pharmaceutical com- 
pany. Excellent opportunities for research and 
advancement. Inquiries will be treated strictly 
confidential. Box 219, SCIENCE. 10/10, 17, 24 


NEW WORLD-WIDE GRADUATE AWARD 
DIRECTORIES for American scientists, teach- 
ers, librarians to subsidize their education and 
—-. , stipends $200-$10,000. Volume I 
(1957), volume II (no duplication), special 
pr be art offer until 1 November, $2; both 
volumes $4 until 1 November. Limited edition. 
Complete, specific information on 400 awards in 
United States and overseas in each volume. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
a2. KY ew 





Recent Ph.D. in biochemistry or physiology 
(with biochemical orientation) to participate in 
studies on cardiovascular-renal physiology. Ex- 
perience in tissue analysis and isotope techniques 
desirable; midwestern research center. Box 229, 


SCIENCE, 








Research Position in pharmacology with phar- 
maceutical distributor, New York City, recent 
Ph.D. preferred, $6000 i bog depending on 
experience. Box 222, SCIENCE. 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, #4 00. Yearl ay 
(12 issues) membership, $5.00. RUSAD 

SCI., Box 99, Station G, Brooklyn 3 N.Y. ew 








Virologist, medical diagnostic, experienced for 
well-equipped laboratory in modern progressive 
hospital. Excellent opportunity. Salary open. 
Contact Miss Mildred Tucker, Department of 
Pathology, 2755 W. 15th Street, age 8, Illi- 
nois, 10/31; 11/7 








ANIMAL CAGES and 
ACCESSORY EQUIPMENT 


BUY DIRECT FROM MANUFACTURER 


SHIPMENT OF STANDARD ITEMS 
FROM STOCK 


HOELTGE BROS.., Inc. 
1919 Gest St. Cincinnati 4, Ohio 
Write for Illustrated Catalog 














YS! MODEL 71 
THERMISTOR BASED 
TEMPERATURE 
CONTROLLER 





Dial the Temperature 
Which You Wish To Control 


FROM —6°C TO +124°C 


Dial Settability - - - - - + .5C 
Fine Control Settability - + .01C 
Probe Sensitivity- - - - - + .05C 


Control Load - - - - - - 20 AMP 
PRICE $135.00 
COMPLETE INFORMATION ON REQUEST 


YELLOW SPRINGS INSTRUMENT CO. 
P. O. Box 106-A 
YELLOW SPRINGS, OHIO 


WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box 4 Ramsey, N.J. 


BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 
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Sprague-Dawley, Inc. Histology 
SWISS i I CE Pioneers in the development of the for 
oe . iis i td Industry and Research 
tna «We George L. Rozsa, M.D. 
si oo Hoe guages 143 Pree g By saline’. New York 


























-_ L311) ie Ge equest 4101 W. Figueroa 
SMALL LABORATORY MAMMALS PAP URATORIES, “INC California 


Sale : Eaesiists ; CA 5-4148 
TACONIC “For The Discriminate Investigator” acpi o | I son nena 


A Complete Animal Service 


Engineers Honolulu 
—CARMS RESEARCH ANIMALS, INC. 


GERMANTOWN NEW YORK 3401 FIFTH AVENUE PITTSBURGH 13, PA. Roger W. Truesdail, Ph.D., President 
HONE: MUSEUM 1-4156 Cc. E. P. Jeffreys, Ph.D., Technical Director 
































[lll[rroressionat. services} ong 
LABORATORY SERVICES gy ee eons - Sve : 


wees ay to ee AICAL INDUSTRIGS. EVALUATIONS, CONSULTATION 


Lab Animal 
oratory nl s Anslyses, Biological Evateation, MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C, 


n 
4 
.¥ 
3 since 1929 Y Toxicity Studies, Insecticide Testing DIK Formerly FOOD RESEARCH LABORATORIES, INC. 
5 
1} 





| Rats from the Wistar Strain| 











ALBINO FARMS, PO Box 331 and Screening, Flavor Evaluation. 


RED BANK, NEW JERSEY Project Research and Consultation l\\\||| BOOKS AND MAGAZINES a 


i i —— it Write for Price Schedule 
n 
Swiss Mice Albi oO Rabbi s | ; : i 1, Wis. 


SIo}SUIBET 




















Your sets and files of 
scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
ALBIN r e pertodioa) ies files you are willing to sell at high mar- 
prices. Write Dept. ASS, CANNER’S, Inc. 


SWISS MICE seeking re | book publisher Boston 20, Massachusetts 
Price lists on request Two fact-filled, illustrated brochures tell how SCIENTIFIC JOURN ALS Ww ANTED 


t blish your book, get 40% royalties, na- ’ 
DAN ROLsemeTee co. Sian seeming Salilalie and promotion. Sets, Runs and Volumes bought at top prices. 
Ph. ALpine 6- 


Free editorial appraisal. Write Dept. S-10. —————————-___ Your wants supplied from 
Route 3, Syene Road, Madison, Wisconsin a a ts 


our Back Files of over 3,000,000 periodicals, 
Exposition Press / 386 4th Ave., N.Y. 16 Abrahams Magazine Service; N. Y. 3, N. Y. 





















































The American Association for the 
Advancement of Science announces 
three new symposium volumes of 
the utmost importance to psychia- 
trists, neurologists, clinical psy- 
chologists, physiologists, pharma- 
cologists, and biochemists—and of 
great interest to the general public. — 


The Beginnings of Embryonic Development 
AAAS Symposium Volume No. 48 Published July 1957 


Edited by Albert Tyler, California Institute of Technology 
R. C. von Borstel, Oak Ridge National Laboratory 
Charles B. Metz, The Florida State University 


6 x 9 inches, 408 pages, 132 illustrations, references, 
subject and author index, clothbound 


Price $8.75, AAAS members’ prepaid order price $7.50 


Tranquilizing Drugs 
6”x9”, 205 pp., 32 illus., refer- 
ences, index, cloth, March 1957. 


Price $5.00. AAAS Members’ cash 
order price $4.50. 


A symposium on “Formation and Early Development of the Em- 
bryo”, held 27 December, 1955, at the Second Atlanta Meeting of Psychopharmacology 
the AAAS, served as the basis for this volume. Emphasis was placed. 6”x9”, 175 pp., bibliographies, 
on the problems of early development and of the initiation of de- index, cloth, 1956. Price $3.50 
velopment. The investigations presented in the various communica- AAAS Members’ cash order price 
tions cover both descriptive and experimental work on the biological ae 

and chemical levels. Apart from their intrinsic interest and the 
measure of progress that they provide, the specific discoveries and 
analyses presented serve to exemplify various approaches toward 
the understanding of the manner in which sperm and egg contrive 
to produce a new individual. 











Alcoholism— 
Basic Aspects and Treatment 
6”x9”, 220 pp., 33 illus.,. refer- 
ences, index, cloth, May 1957. 


Price $5.75. AAAS Members’ 
cash order price $5.00. 


British Agents: Bailey Bros. & Swinfen Ltd., 
Hyde House, West Central Street, London WC1, England 


AS Publicati 
AAAS, 1515 Massachusetts Avenue, NW, Washington 5, D.C. ae 


1515 Mass. Ave., NW, Washington 5, D.C. — 
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In the Laboratory ... where optical quality counts 


...the trend is to UNITRON Microscopes 


vg 8 s% 


BINOCULAR 


PHASE CONTRAST 
POLARIZING BMPE $490 


MICROSCOPE 
MPS $269 


BINOCULAR 
INVERTED 
BMIC $609 


BINOCULAR . 
AUTO-ILLUMINATION 
BMLU $425 


Photomicrography 
Set 
ACA $39.95 


UNITRON offers an extensive line of Labgratory Micro- 
scopes & Accessories for Research, Industry and Education. 
Illustrated is a partial selection for biology, medicine, 
chemistry and related fields. UNITRON also has companion 
instruments for the metalworking industries. 

1 (oh f-Xe Molaro) ohiterel Mellel lia ana 
ical design... 


(oTe Wel slet-te Me) hitere] Relate Mult-Yeatelse 
Walter L-mmelate MeelahZ-lal (alamo) oL-1aehifelate] McctoniUle ty 

. long wearing construction ... attractive budget prices 
which include basic optics ... these, together with years of 
proven instrument performance, are the reasons why .. . 


THE TREND IS 1g UNITRON! 


% 


Polaroid Land Camera 
Attachment 
$115 


STUDENT AUTO-ILLUMINATION 
MICROSCOPE 
MSA $107 





UNITRON 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


Please rush UNITRON’s Microscope Catalog 4!-3 
Nome 

Company 

Address 
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© Onthophot* 


.., universal photographic camera 


for 

e Photomicrography 

e Photomacrography 

@ General laboratory photography 
e Cinemicrography 


e Compact ...sturdy... easy-to-use 
e Integral KOEHLER type illumination 
@ Reflex-type camera 


@ Precision components... quickly inter- 
changeable 

®@ Uses black and white or color film... 
roll film No. 120, 24” x 24", cut and 
packfilm 24%” x 34”, 35mm film 








Plus = unique built-in 


“SPLIT MICRON” telescope for 


convenient and positive focusing. 


*Formerly available from Silge and Kuhne 


Dept, J-4 


America I ( Iptical Send Orthophot Brochure SB1300 
( OMPany f Name 


Address 








INSTRUMENT DIVISION, BUFFALO 15. NEW YORK 











